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PREFACE TO THE FIRST EDITION. 



The anthor, haying heard a desire expressed by many for a practical 
treatise upon Hydraulic, Steam, and Hand-Power Lifting and 
Pressing Machinery, has been induced to undertake the task. The 
work is addressed to engineers whose practice has not been in this 
branch of engineering ; also to architects and users of such machinery, 
to giye them an insight into the same, and to a£fbrd some help, 
either in design or as a guide to the adoption of machinery suitable 
to the special requirements of the particular case. 

The machinery and work described, except in the cases specially 
mentioned, are from the author's own experience. Assuming that 
practical men are chiefly addressed, he has not gone into any rudi- 
mentary descriptions, but has only mentioned such details as may 
be useful for the purpose. Very little discussion is entered into 
relative to the value of certain machines, for the same reason ; but 
the few results given from practice may prove more useful. He 
trusts that the work may be acceptable to those who are seeking 
information in this branch of practice. 

The work has been written in a concise form, as it was thought 
it would be more acceptable to those addressed to have practical 
facts and data expressed in as few words as possible. 

The author has to express his thanks to Messrs. Clark and 
Standfield, Mr. B. H. Tweddell, Mr. J. B. Ellington, Messrs. Thome • 
well and Warham, and Mr. H. Adams, for their courtesy in affording 
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information on the specialities designed and made by them. Also to 
the Gonncil of the Institution of Civil Engineers, for their courtesy 
in allowing the author to use Drawings Nos. 4, 5, 6, 7, 9, 10, 13, 16, 
and 17 from the Transactions of the InstitutioUi Yol. 50. 

FREDERICK COLYEB, M. Inst. C J:., M. Inst. M.R 



18, Gbbat Geobgs Stikest, 

WEflTMINBTKB, S.W. 

Julyj 1881. 



PREFACE TO THE SECOND EDITION. 



Thb first edition of this work having been well received, a new and 
revised edition has been issued. The original work has been 
extended and much extra matter added, together with maoy new 
drawings. The original design of the book has been kept in view, 
in adopting a concise manner in the descriptions of work given. In 
each section new examples have been given of modern types of 
machinery, the whole matter has been brought up to date, and most 
leading types of work noticed. 

The Author expresses his thanks to Messrs. Sir W. Gr. Armstrong, 
Mitchell and Co., Limited ; Messrs. Easton and Anderson, Limited ; 
Messrs. Simpson and Co., Limited; Messrs. Stodhert and Pitt, 
Limited ; Messrs. Grrafton and Co., and Mr. E. B. Ellington, M.I.C.E. 
who have kindly rendered assistance in enabling him to describe 
some special work designed by them. 

PEEDEBICK COLYEE, M. Inst, C.E., M. Inst. M.E. 



18, Obeat Obobgb Street, 
Webtminbteb, S.W. 
Augwt, 1892. 
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CHAPTER I. 

fiYDBATTUO HIGH-PBESSUBE LIFTIKa MAOHINEBY. 

The first practical use of water for the transmission of force was 
made by Bramah, in the hydraulic press of which he was the 
inventor. It was patented in 1796; he also intended to use the 
same system as a motive power for cranes and other machines. For 
transmitting power to great distances, water is the most suitable, 
and, in the end, most economical; it possesses many advantages 
over other plans, of which the author treats in another place. The 
hydraulic system, as applied to cranes and other lifting apparatus, 
was first brought into extensive use by Sir W. G. Armstrong, now 
Lord Armstrong, to whom the author wishes to bear full testimony 
as the pioneer of most of the work done since in this branch of 
engineering. From the success which attended his first efibrts in 
this way, in 1846, may be traced the researches of others in the same 
line, and the execution of most important and successful works. 
The author does not intend here to go into the question as to the 
relative cost of lifting by hydraulic power, as compared with other 
plans ; he will add a few remarks as to this towards the end of this 
section of the book (see p. 56). 

The useful efiect obtained from direct-acting hydraulic apparatus 
is about 93 per cent. ; and when short-stroke cylinders, combined 
with movable pulleys, are used, it varies from 60 per cent, (at 10 to 1) 
to 75 per cent, (at 4 to 1) ; — this is assuming the machinery to be of 
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2 HYDBAUUC UFTIXG MACHINEBT. 

the best land. In most of the large docks and railway depots in 
London and elsewhere, hydranlic qfoay cranes are nsnally made 
fixtures; portable cranes are, howerer, in nse in many places. They 
poflseas many adTantages, which will be duly noticed hereafter. The 
cireomstanoes of the work to be done, and arrangement of the place, 
mnst decide which is the most snitable plan* There is no difficulty 
in connecting the water pressure from the main pipes to the cranes. 
The junction at the desired points can be easily and quickly made. 
Machinery for this class of work will be described hereafter in detaiL 
The engines for pumping the water under pressure, and the boilers to 
supply steam tar same, are the first consideration ; these are usually 
placed at a oonyenient spot — ^where possible, about midway between 
the work to be done; this, howerer, is not of great moment, because, 
in the case of docks and railway companies, to satisfy the fire insur- 
ance companies, and reduce the amount of the premiums on the 
policies, the engine and boiler houses are often placed outside the 
dock or depdt, the mains being carried a considerable distance from 
the engines and pumps, in some cases upwards of a mile or more. 
Special arrangements in this case are necessary as to the accumu- 
lators and yalyes, which are described in another place. 

The application of hydraulic machinery is a large and most 
important subject ; the author has hereafter fully treated most of the 
apparatus in general use. If more detail is mentioned than seems 
necessary to practical men, the excuse is, so little appears to be 
known by many engineers, architects, and users of this class of 
machinery, that it is hoped the detaib giyen in this book may be 
some guide to them in laying out such plant, and will help to show 
where it can be usefully employed. 

Methods of Obtaining Water Pressure for Working Cranes and 
Lifts. — ^There are seyeral systems by which the requisite water 
pressure in the pipes for working hydraulic apparatus is obtained ; 
some of the machinery is worked at a high pressure, and some at a 
low pressure. All pressures up to about 70 lbs. square inch may be 
considered low pressures. The means that haye been employed are 
detailed below. 

1. Head of Water from a Tank. — ^The water is pumped up by 
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engine power to a tank placed on a tower of brickwork, or on the 
top of a boildingy in some cases 200 feet high ; mains are carried 
from it to distribute the pressure to the various machines as required. 
The most notable instance of this, and also on the largest scale, is 
the one still existing at the Great Grimsby Docks ; the tower in this 
case carries a wrought-iron tank, holding 33,000 gallons of water, 
at about 200 feet from the ground line ; the size of the top of the 
tower is 26 feet by 26 feet, and 28 feet by 28 feet at the base. The 
walls are 4 feet thick at the base, and 3 feet thick at the tank level ; 
the supply pipe is cast iron, 13 inches diameter. The water is pumped 
up by a pair of engines situated at the ground level. Owing to the 
great cost of such apparatus, especially as regards the foundations 
for the walls for high-pressure work, this plan is seldom used. It has, 
however, one advantage over other systems : the tank forms a large 
reservoir of power, and allows the cranes to be used for a certain 
period independent of the engines, and consequent attendance of the 
men in charge of the same. As there is always a steady pressure in 
the pipes, they are less liable to leak at the joints. It must, how- 
ever, be borne in mind that a head of 200 feet, equal to 87 lbs. per 
square inch, is not an economical pressure to work at for high-pressure 
machinery. 

2. Air Vessels. — ^Water is pumped into wrought-iron air vessels 
under pressures of 200 to 250 lbs. per square inch ; but the difficulty 
in keeping them properly charged with air and retaining the pres- 
sure is so great that this plan has been generally superseded by the 
accumulator system next named and fully described in the following 
chapter. It must be borne in mind that these remarks only apply 
to high-pressure work, as air vessels are still advantageously used for 
pressures up to 150 lbs. on the square inch ; and, in places where 
accumulators are too costly and would take up too much space, the 
air-vessel system is to be recommended. A small air-pump is 
employed to keep up a steady supply of air in the receiver, and thus 
maintains the required working pressure in the pipes. The air 
vessel should be well made and double riveted at the joints, and of 
ample size for the work ; the pumping power should also be large, 
to be equal to any sudden demand upon the apparatus. The author 
prefers to make the air vessels small in diameter and high, in 
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4 HYDRAULIC LIFTING MACHINEBY. 

preference to a larger diameter and less height, as he believes the 
air is not so quickly absorbed in this case by the water, and in this 
way less trouble is caused in keeping up the pressure in the pipes 
and machinery worked. 

3. Accumulators. — To obtain pressure in hydraulic mains of from 
400 to 750 lbs. per square inch and above, accumulators are more 
generally employed than any other system. They consist of a 
loaded ram working in a cylinder, which is placed near the pumping 
engine in the line of the pressure pipes. As the water is pumped by 
the engine it raises the loaded ram, and so gives the requisite pres- 
sure in the mains. The contents of the cylinder of the accumulator 
is adjusted to suit the number of cranes, lifts, and other apparatus 
to be worked, so as to ensure that sufficient water under pressure is 
available for any sudden demand. The engines are controlled in 
their speed by automatic apparatus connected with the ram of the 
accumulator, by which means^ as the ram rises and falls, the engines 
run at a corresponding speed. When no pressure is being taken 
from the mains, the engines run very slowly ; directly the ram falls, 
the steam throttle-valve is opened in proportion, and the engines 
run at the necessary speed. It will thus be seen that the work done 
by the engines is proportionate to the demand for pressure at the 
various cranes, lifts, &c., worked by it. Cast-iron mains, 3 inches to 
4 inches in diameter, are led from the accumulator to the various 
apparatus to be worked. At the commencement of working the 
engines fill the mains, and as the pumping is continued the ram of 
the accumulator rises, and so gives the necessary required pressure 
in the mains. Safety valves are provided at various points, to relieve 
the pipes from undue pressure. Air- valves are also attached, to keep 
the pipes free from air. The engines and accumulators may be 
placed, as before named, some distance from where the cranes, &c., 
have to be worked ; it is only a question of the length of pipes to 
convey the pressure. When the distance is more than 1 to 2 miles, 
it is advisable, whenever possible, to place additional accumulators at 
different points, to ensure that an equable pressure is maintained. 
There are several great advantages in employing the hydraulic 
high-pressure system, as in places it can be used where boilers would 
not be permitted, as well as in cases where, from other causes, it 
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would be impossible to find room for pumping machinery at the 
place where the cranes are used. 

The pressu/re in the mains supplied by hydraulic accumulators 
for cranes, hoists^ and lifts is from 700 to 750 lbs. per square inch ; 
the latter pressure has been found by experience the most econo- 
mical for general working. In some instances much higher pressures 
haye been used, even up to 1500 lbs. per square inch ; but it is open 
to question if this is the most economical method of working. 
Pifficulties seldom take place from the freezing of the water in the 
mains; in cases where the pipes and machinery are more than 
usually exposed, it has been found convenient to use a mixture of 
glycerine with the water, in the proportion of about 1 to 6 ; this 
prevents any damage from frost. In the case of slight frosts, a 
proportion of from 1 to 1^ gallons of glycerine to about 275 or 
300 gallons of water is sufficient. Experience appears to show that 
the higher the pressure the less liability there is to freeze. At the 
first introduction of hydrauUc machinery by Sir W. G. Armstrong 
and Co., much difficulty arose from the leaking and breaking of the 
joints, as well as the bursting of the pipes ; the firm above-named, 
however, adopted the two-lug joint so well known, and also made many 
subsequent improvements in the jointing material. With some slight 
modifications by other firms, it is the form in almost universal use, 
and answers its purpose admirably. Too much praise cannot be 
accorded to the original inventor. The author can with gratitude 
say, the general form of apparatus and system of working has been 
the model on which he has designed most of this kind of work in his 
own practice. He does not think the great service rendered to the 
hydrauUc system by Sir W. Or. Armstrong (now Lord Armstrong) 
has been so fully appreciated as it should be. 

The London Eydravlio Potver Company have laid their mains in 
the public streets of London and elsewhere since the first edition of 
this book was written. The mains are always under a pressure of 
750 lbs. per square inch, a supply from which can be obtained at a 
very moderate rate. It is most useful and convenient, and has been 
the means of considerably extending the use of hydraulic lifts and 
cranes, both for public establishments, such as hotels, public offices, 
warehouses public and private, railway stations, and wharves. Here- 
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tofore the high-pressure system oould not be nsed^ on account of 
the expense in the pumping machinery and the cost of the inter- 
mittent working of the same. The author beUeyes Hull was the 
first town to adopt this system. The work was designed and carried 
out by Professor Bobinson, M. Inst. G.E. The original idea is, how- 
ever^ due to Lord Armstrong, who first proposed the system, but did 
not carry it out as a public installation. The author had the same 
scheme in his mind about twenty-five years since, but found, upon 
mentioning the idea, he had been forestalled by the gentleman last 
named. 



( 7 ) 



CHAPTER n. 

HIGH-PBESSUBE HYDRATTUO ICAOHINEBT. 

The machinery for Bupplying water under heayy pressure to work 
cranes, hoists, and other lifting and hauling machinery consists of 
pumping-engines and boilers with hydrauUc accumulators and service 
of cast-iron pipes to the various apparatus. 

VoT Wharf-Cranes. — ^The machinery consists of horizontal or 
vertical cylinders of a stroke either equal to the height of the lift 
or multiplied by chains running over movable pulleys. In the former 
case the pressure in lbs. per square inch + -^ for friction will give 
the diameter of the ram ; in the latter case, P in lbs. x number of 
movable pulleys + \ for friction will give area of the ram. For 
ordinary loads the stroke of the cylinder to the height raised is 
usually about 6 or 8 to 1. The more direct the power is applied, or 
rather the less number of movable pulleys that are employed, the 
less will be the friction, and the consequent increased efficiency of 
the machine. The most economical pressure in the water-mains 
for working high-pressure lifting apparatus has been found to be 
750 lbs. per square inch ; at this pressure water is usually supplied 
by the Hydraulic Power Companies. For ordinary average loads 
up to 30 cwt. one lifting cylinder is usually employed, but where 
the load varies two cylinders are provided ; this plan effects much 
saving in the water used. The swinging of the crane is accom- 
plished by two separate cylinders worked by an independent valve- 
box, by means of lever and rod. The rams of these cylinders, 
through the medium of chains, act direct on the lower part of the 
crane post, the stroke being proportioned to give the required 
amount of travel. In most cases the cylinder and ram gear, 
together with the rest of the machinery, is placed under the ground- 
level, unless the cranes are for the purpose of unloading ships direct, 
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when they are placed on a platform of sufficient height to permit 
the jibs to clear the sides of the vessels ; in this instance the 
machinery is situated between the under side of the platform and 
the ground leveL 

FcT Warehouse Cranes. — The machinery for operating is usually 
attached to the inner side of the wall of the warehouse, and at the 
highest floor, near the jibs ; the cylinders and rams are either single 
or double, as in the case of wharf cranes, and of a stroke multiplied 
by moyable pulleys in proportion to the height to be raised. The 
swinging of the load is usually done by two separate cylinders, 
acting through chains direct on the lower part of the jibs ; two 
separate pressure yalve boxes, with working levers and rods, are 
also provided. In some instances it has been found quicker and 
more economical to adopt automatic means for swinging the cranes, 
which will be described in detail in its proper place. For platform 
cranes used on the ground floor of a warehouse or depot for unloading 
wagons and carts, &c., the lifting cylinders are usually placed 
between two side cheeks of the crane-post, the stroke of the 
cylinders being made equal to the maximum height to be raised ; 
these cranes are direct acting, and much complication is avoided in 
the chain gear, as well as much saving in the friction of working. 
There are several modifications of the arrangements of the machinery 
for working these kind of cranes, which are described in detail 
hereafter. 

Far Hoists and Lifts. — There are two systems of working : — 
1. By direct acting cylinder and ram, the ascending table, or 
cage, being fixed direct to the top of the ram, which is made the 
same stroke as the height to be raised ; the cage is guided by two 
bars, running the whole height. The pressure is regulated by a 
valve-box, having levers, rods and ropes in connection, the latter 
pass through the cage, and by this means the starting and stopping 
is accomplished. The rams are made hollow, and when the lift 
is more than 10 to 12 feet are made in about 9 feet lengths of 
steel, screwed together ; the cylinders are cast-iron, and are sunk in 
the ground to a depth equal to the height to be raised. Proper 
apparatus is provided to prevent the lifts overrunning, automatic 
gear being attached to stop it at the highest and lowest points 
before any shock can be communicated to the cage. Counterbalance 
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weights are sometimes provided to take part of the weight of the 
ram and cage ; in this case the weights are grooved at the sides, 
and are run in angle-iron gnide-bars which are sunk in a recess in 
either side of the well-hole. The cages are entirely enclosed, the 
roof being made of boiler plate-iron; this is to prevent anything 
that might accidentally fall doing injury to the persons or goods 
inside the cage during raising or lowering. 

2. By short cylinders and rams, with movable pulleys, as before 
described ; the seshould not, however, be used when passengers are 
to be raised, as the lifting is done by a chain from which the cage is 
suspended at the centre. The same remarks as at p. 1 apply to the 
use of this system as regards the friction, &c. The only reason for 
adopting this plan for high lifts is because it is less costly than the 
direct-acting ram system, no boring in the ground is required, and 
less expensive machinery can be used. Safety-gear, which will 
be hereafter described, is provided in this case and is attached at the 
top of the cage. In case the rope or chain breaks, the cage is at once 
held by wedges, and prevented from falling and doing damage. There 
are several forms of this class of machinery suitable for different 
purposes, all of which will be fully described under their own section. 

The following apparatus can also be worked by high-pressure 
hydraulic power : — 

Capstans for moving trucks, &c. 
Machinery for working dock gates. 

„ ,» sluices. 

Swinging bridges. 
Docking vessels, &c. 
Turntables for railways. 
Working movable platforms. 

An Installation of machinery for high - pressure hydraulic 
machinery consists of the following, viz. : — 

Hydraulie Pumping-Engines. — Specially constructed either on 
the condensing, compound, or three-cylinder systems ; the pressure- 
pumps, which are double acting, in each case are worked direct from 
the main piston-rods. 

Boilers, — ^To supply steam, the Cornish or Lancashire type, or 
the Babcock and Wilcox patent water tube system may be employed; 
. Ample steam room is provided, to be equal to any sudden demand 
for pressure. 
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Ae(nm/ulator8. — One or more of these is provided, the capacity 
being eqnal to the quantity of water under pressure that is required 
to work about one-third of the cranes or hoists. The engines haye, 
however, suflScient pumping power to keep up the supply if all the 
machines are used at one time. 

Pipes. — To convey the pressure to the different machines ; these 
are usually sunk in the ground, except in the case of factories or 
warehouses where they are carried on the walls ; in all cases they 
must be protected from the weather. 

Machinery. — Consisting of long and short stroke rams and 
cylinders, details of which are hereafter given ; these apparatus are 
provided at each crane, hoist, or other apparatus, some being of 
special construction to suit particular cases. 



Engines fob PxTMPiNa. 

There are several types of engines employed for pumping water for 
hydraulic machinery. Each particular case will have to be treated 
according to the magnitude of the installation and the special cir- 
cumstances of the case. The engines may be of the following 
types : — ^High-pressure or non-condensing, or compound high- and 
low-pressure engines, and either in the horizontal or vertical forms. 
A pair of engines in each case are coupled, having one crank-shaft 
and fly-wheel common to both. Each of these forms will be 
described suitable for average installations. 

Horizontal High^esmre Engines. — ^For an average small plant, 
engines of this type are generally employed. The pumps are either 
placed directly in front of the steam cylinders or at their back end ; 
in both cases they are worked direct from the piston-rods; the 
former system is adopted when the floor space is limited. In this 
case the piston-rods are attached to the cross-heads on one side and 
direct to the plungers of the pump on the other. The connecting- 
rods are made in the form of long forks spanning the pump-barrels, 
and terminating at the crank pins in marine ends lined with gun- 
metal. The pumps thus form the guides to the piston-rods, hence 
much room is saved ; the only disadvantage in connection with this 
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system as compared with the other is, that the ptimp-yalyes are not 
so readily got at. There are, howeyer, many instances in which the 
compactness of the engines wonld more than out-balance this. The 
steam cylinders are the ordinary type and are fitted with D slides, 
they are steam-jacketed, felted and lagged with wooden stayes on 
their exterior. 

The pnmps are double-acting and proyided with rams and 
pistons ; the yalyes are of india-rubber with intermediate discs of 
steel — only small lift is giyen to them. The fly-wheel is heayy, 
turned on the rim and well-balanced. The speed of the engines 
yaries from 30 to 300 feet per minute. 

No. 2 Type. — ^In this case the engines are proyided with guides 
and sliding-blocks of the usual kind ; each of the pumps are placed 
at the back of the cylinders and are worked direct off the piston- 
rods; the yalye-boxes are fixed outside the pumps and are easily 
accessible for adjustment and repairs. The respectiye merits of this 
and the system preyiously described haye been already entered into. 

Example of the work performed by high-pressure non-condensing 
engines. A pair coupled with cylinders 12 inches in diameter and 
24 inches stroke, worked with steam at 90 lbs. per square inch, the 
pumps being 4i inches in diameter, and double-actings will deliyer 
about 130 gallons of water per minute at 750 lbs per square inch. 
The number of hydraulic apparatus supplied by engines of this size 
is about 30 — 1^ ton cranes — say 15 hydraulic engines for working 
capstans, sluices and bridges, and one or two 3-ton cranes. . The 
accumulator for engines of this size is 18 inches in diameter and 
20 to 21 feet stroke ; in cases where a larger reserye of power is 
the stroke must be increased. 



Oompovnd Hydraulic Pumping Engine by Messrs. Sir W. G. 
Armstrong, Mitchell & Co., Limited. This type of engine is built 
in the horizontal form, and is suitable for pumping water for 
hydraulic apparatus for large installations, at working pressures 
from 750 to 1,500 lbs. per square inch. 

The engines are coupled, and haye one crank shaft and fly-wheel 
common to the two ; the high-pressure cylinders and piston-rods are 
coupled by connecting-rods to the cranks. At the tail end of each 
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cylinder the piston-rods are prolonged and are attached to the pistons 
of the low-pressure cylinders^ which are placed immediately behind — 
the piston-rod of each of these latter cylinders are attached direct to the 
plungers of the pumps. The construction of these does not vary from 
those described for the high-pressure engines, except the arrange- 
ment of the valve-boxes, which are placed in the position shown, and 
thus permit of ready adjustment and repairs when necessary. All the 
fixed parts of the engines are bolted to massive bed-plates held to 
the foundation hj long holding bolts and plates. The cylinders, 
jackets and steam-pipes are all protected by non-conducting com- 
position, and are lagged with mahogany. Ample means are provided 
for oiling all parts and for draining the condensed water from the 
cylinders. The fly-wheel is made heavy and is carefully balanced. 
The pressure (d steam is usually about 100 lbs. per square inch in the 
high-pressure cylinders. In the example given in the Drawing No. 2 
the high-pressure cylinder is 19£ inches in diameter, and the low- 
pressure 37 inches in diameter, both having a stroke of 3 feet 2 inches. 
The maximum speed is 45 revolutions per minute. The combined 
indicated HP. with full load pumping under a pressure of 750 lbs. 
per square inch is 450. The quantity of water delivered by the 
two pumps is 620 gallons per minute. The condensers are placed in 
a horizontal position directly under the low-pressure cylinder. The 
air pumps are placed vertically at the crank end and are worked by 
a separate connecting-rod ; guides and cross-heads are provided as 
shown. It will be noticed the whole forms a very compact arrange- 
ment. The speed of the engines is governed by the special gear 
connected with the accumulator described at p. 3, 

Much economy is effected by the use of compound engines for 
pumping- work of this kind. In comparing, however, the consump- 
tion of fuel with ordinary water- work engines, it must be remembered 
the work of the former is intermittent and the load irregular, while 
in the latter case the work is constant and regular. 

The Worthington Pumping Engine (Drawing No. 3). — These 
engines, made by Messrs. James Simpson & Co., Limited, London, 
are also used for pumping water into hydraulic mains for working 
cranes and other machinery under pressures of 750 to 1,500 lbs. per 
square inch. The engines have been installed at the Bristol and 
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Ayonmonili Docks as well as at the Grimsby Docks, a description of 
which is hereafter given. The general principle of construction, as 
far as the steam cylinders and yalve gear are concerned, does not 
materially differ from the engines described in full detail in the 
author's book — ^Part I. * Pumps and Pumping Machinery ' (Spon) — 
except as regards the arrangement and detail of the pumps. In 
these hydraulic engines there are two pumps to each engine, one of 
each of which is placed directly in front of each steam cylinder, each 
pump haying an additional one at the back of it. There are eight 
sets of yalye boxes to each pump, each being provided with eight 
separate valves. The plungers are cast hollow and Are 7^ inches in 
diameter by 3 feet 6 inches stroke. The pumps facing the steam 
cylinders are attached direct to the cross-heads^ to which the piston- 
rods are also connected ; at these cross-heads side rods are attached 
and carried to the cross-heads fixed to the hindmost pumps. The 
high-pressure cylinder is 19j^ inches in diameter, and the low* 
pressure 32 inches in diameter, and the same stroke as the pumps* 
The pressure of steam used is 60 lbs. per square inch ; the maximum 
number of strokes is 25, at which speed 600 gallons of water per 
minute are delivered into the mains and accumulator under a 
pressure of 700 lbs. per square inch. The engines in this installa- 
tion supply power for all the cranes, hoists and capstans, as well as 
power to turn or swing the bridges, and to open all the dock gates. 
All the work done, as before stated, by hydraulic pumping engines 
for the purposes named is of an intermittent character, and for this 
reason — such a high ratio of economy cannot be attained as in the 
case of the engines when employed for steady pumping for the water 
supply of towns. 

Engines of this type are capable of pumping water for hydraulic 
cranes, &c., under pressure up to 1,500 lbs. per square inch ; as 
before noted, 750 lbs. is the most economical pressure to adopt for 
hydranUc machinery. 

A pumping engine of this type has also been erected at the 
Cossipore Foundry, India ; it pumps water into an accumulator at a 
pressure of 1*5 ton per square inch. 
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Vertical Triple Compouni) PuiiPiNa ENorNES (Drawing No. 4). 

These engines were designed by Mr. E. B. Ellington, M.I.G.E., for 
supplying water nnder pressure for working hydraulic accumulators. 
They consistof three inverted cylinders, each working hydraulic pumps 
direct from the piston rod ; the three cylinders work on to one crank 
shaft. The cranks are set at an angle of 120'' ; there being no dead 
point the engines are in perfect balance. The pumps give a perfectly 
steady and even flow of water, and work very smoothly at a speed of 
250 feet per minute. In cases where the floor-space is limited they 
are a suitable and economical engine ; the Author can with confidence 
recommend their use. These engines are a modification of the three- 
cylinder compound engines, full details of which, with a drawing, 
will be found in Part 11. of the Author's book on Pumping.^ The 
triple engines working with 150 lbs. pressure of steam have an 
economy considerably in excess of the earlier engines working com- 
pound only with one high-pressure and two low- pressure cylinders. 
The triple engines work with about 14 lbs. of water per indicated 
high-pressure per hour, and are the most economical engines for this 
class of work of any yet constructed. The mechanical efficiency is 
as high as 84 per cent. 

No goyemor is required for any of the pumping engines described ; 
the automatic gear connected to the rising and falling head of the 
accumulator ram controls the speed of the engines according to the 
work to be done. It acts in this way : At the top of the ram or 
loaded cage, a system of rods and levers is connected to the throttle 
valve of the engine ; as the ram rises to the full stroke, the steam, by 
means of the gear, is nearly shut off at the throttle valve, and as the 
ram falls the valve is gradually opened, giving a supply of steam as 
required. The apparatus is self-acting and is most effective in 
working. 

The Foundations for all these Engines must be of a solid character; 
a good bottom must be obtained on which a bed of concrete should be 

1 ' Pumps and Pumping.' By F. Golyer, M. Inst. G.E. E. & F. N. Spon, London. 
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laid yarying in thickness with the power of the engine and the depth 
of the excavation. The brickwork should be bnilt in Portland 
cement^ and on this should rest a stone^ either Yorkshire or 
Portland — ^the former is preferable, and as a rule cheaper. The kind 
of stone used will of course depend on the locality where the machinery 
is placed. The engine must be well bolted to the foundation by bolts 
at least 3 feet 6 inches to 5 feet long. A perfectly rigid and solid 
fixing of hydraulic engines is a necessity^ and upon this will very 
much depend the perfect working of the engines and their subsequent 
wear. 

BoHiEBS. 

These may be of the Cornish or Lancashire type, or the Babcock 
and Wilcox's patent water tube system ; they should be placed in a 
house near to the engines, so that the same man who attends the 
engines can also superintend the stokers in the boiler-house. The 
boilers should be of ample capacity to meet any unusual demand 
upon the engines. 

All the above-named boilers are set in brickwork and have the 
usual fittings. The pressure of steam varies, ranging from 60 lbs. 
per square inch to 150 lbs., and above in the case of triple ex- 
pansion engines. 

The BcAeook and Wilcox Boilers for the latter pressure are specially 
suitable, as they are perfectly safe under pressures of 160 lbs. to 
200 lbs. per square inch ; they also possess this advantage, they can 
be put into confined places and passed through narrow passages 
where it would be a very costly thing to put in one of the Cornish 
or Lancashire type. They are also portable for sending abroad and 
up the country in remote districts, and in places where the moving 
and delivery of heavy weights is a grave consideration. 

MvUitvlmlar Boilers upon the locomotive plan may also be used 
in many places with advantage, especially when it is difficult to 
build foundations ; they require no setting, and can be easily removed 
if desired. They are also of much advantage where pressures above 
80 lbs. per square inch are wanted ; they are economical in working. 
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but require more attention as the steam is generated very rapidly, 
and the steam space is nsnally rather small. Where this system is 
adopted, the fire-box type, such as made by Messrs. Marshall & Sons, 
Limited, of Gainsborough, is the most suitable. These boilers are 
made of steel plates, and are yery strongly stayed ; great attention 
is paid to their careful design as well as perfect manufacture. Feed 
pumps should be provided as well as injectors ; the feed water should 
be passed through a heater, the exhaust steam from the engines 
being passed either through the tubes or casing of same. 

Water for Pumping. — ^In the case of docks, most of the water 
after use is returned to the dock ; but in smaller places it is used 
over again, so there need be but little waste; this is specially 
necessary when glycerine is used in the water in frosty weather, it 
would otherwise be too expensive a process to adopt in most 
instances. The water in this case is returned by separate mains 
into a large receiving tank equal in capacity to the total quantity of 
water required for all the cranes and lifts, &c. It is very important 
to keep the water clean and free from grit and dirt ; all tanks should 
be covered, and cleaned out at stated periods. 

The tanks should be placed under cover and be well protected 
irom the weather ; the sides may be felted and covered with wood 
lagging ; the suction pipe must be placed within a small chamber 
which should form a filter, it being most essential to obtain the 
water free from grease, dirt, and dust. When the water is con- 
taminated in this way it does much injury to the interior of the 
cylinders and also to the rams and leather packings. 



AoctnnTLATOHs. 

The water pressure for working cranes, hoists, &c., is usually given 
by the above apparatus, which consists of a loaded ram working in a 
<;ylinder, similar to a hydraulic press. The top of the ram carries a 
cage made of cast iron, loaded with iron, stone, or other material, to 
give a dead load direct on the same ; this counterbalance cage, with 
the ram, rises and falls between two iron guides fixed to strong 
timbers. Water is pumped into the cylinder until the required 
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pressnre is obtained ; this varies from 400 to 750 lbs. per square 
inch, the latter being considered the most snitable and economical 
for working cranes, hoists, and other apparatus. The cylinders and 
rams for the aboye pressure are made of thick metal, in order to 
stand heavy shocks. In the accumulators first made, the casing con- 
taining the load rose and fell above the cylinder, but in those more 
modem they are made with an annular or double casing, forming a 
hole in the centre, and allowing them to work over the cylinder, as 
shown in No. 1 Drawing. The base plates for the cylinder must 
have powerful ribs, and be well bedded on a sound foundation ; the 
base plate should be cast separate from the cylinder, to ensure sound 
castings in both cases, and also to facilitate fixing. The cage, or 
round case for the counter-balance, is made of wrought iron § inch 
thick, with stay rods fixed to a cast-iron crosshead fitted to the 
head of the ram to take the weight of same. Self-acting gear is 
fixed to the top of the cage to regulate, by means of the throttle- 
yalye, the speed of the engines to suit the work. Safety valves are 
fitted to the pipes, to give relief in case of sudden stoppage. Self" 
acting air valves are also provided, to avoid shocks. 

The action of the " Accumulator '' is thus : — At the commencement 
of the pumping all the pipes are filled, the branch pipe leading to the 
accumulator cylinder being on the main pipe, the loaded ram is 
raised; if no crane, Ac, is wanted at the time, the engines are 
stopped by the automatic gear when the ram is full up. All the 
pipes are now charged to the full working pressure ; directly, how- 
ever, pressure is required from the pipes, by using any crane or 
other apparatus, the ram falls and the valves of the engines are again 
opened by the self-acting gear, and the pumping is recommenced, so 
keeping up the required amount of pressure. The area of the ram 
and its stroke depends upon the class of work ; as a rule, for ordinary 
installations, not more than the contents of three to six crane 
cylinders are allowed. The pumps and engine power should be 
sufficient for the largest demand that can be made in any emergency. 
The distance from the accumulator to the cranes is not a matter of 
much moment ; but where the pipes have many bends and follow a 
circuitous route, extra accumulators are usually provided at various 
points. This specially applies when the work is done at a railway 
-depot, dock, or wharf, and where the cranes are a long dsitance apart. 
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The nsefal eflEect of the " acoamnlator " is about 80 to 85 per 
cent. The wear and tear, provided clean water is used, is very 
smally and the consequent repairs are almost nil. 

The pressure pipes used are cast-iron, 2, 8, 4, and sometimes 
6 inches diameter, | to 1^ inch thick, with &ced joints, and provided 
with two lugs at the flanges, they are held together by l^inch 
diameter bolts and nuts ; safety valyes are fitted at various points 
on the pipes, and means taken to protect them from frost. 



Htbbaulio Granibs. 

Cranes for docks, wharves, and railway depdts, &c., are usually 
constructed as shown in Drawing No. 6. Taking a 2-ton crane as a 
type, the posts are made either of cast or wrought iron, fixed to a 
cast-iron base plate. The jib works round on turned parts at the 
head and base of the post ; it is formed of wrought-iron plates, either 
like a riveted girder, or two slabs or plates, strutted apart by cast- 
iron distance pieces riveted through each side cheek or plate, or with 
wrought-iron bracings also riveted to the side cheeks; this keeps 
the jibs from raking. The top wheel is 18 inches in diameter by 
8 inches wide, with a plain groove in which the chain works ; in 
order to reduce the friction, the groove should be turned ; the pin on 
which the top wheel runs should be If to 2 inches in diameter. 
At the top and bottom of the post, cast-iron frames with bored 
bosses are provided ; these are connected by two wrought-iron side 
plates all firmly riveted together. The top frame carries the chain- 
wheel at top of the post. At the .base of the post a grooved chain- 
wheel is fixed ; this is for the purpose of swinging the crane. The 
lifting chain passes through the centre of the post. 

Working Cylinders (see Drawing No. 6). — ^The cranes are worked 
by cylinders fixed horizontally under the quay or jetty, with rams 
working through stuffing boxes or leather packing ; the diameter of 
the rams and their stroke depend upon the weight and height to be 
lifted. To the head of the ram is fixed a carriage with movable 
pulleys. The lifting chain is attached to the base of the cylinder, it 
then passes over the movable and fixed pulleys, giving the necessary 
travel to the chain for the height to be lifted. To swing the orane 
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two separate cylinders are used, baying chains passing from the 
ram-heads to a grooved wheel keyed npon the jib-post, near the 
bottom. The cranes are worked by two yalve boxes and two sets of 
yalyes — one to control the raising and lowering, the other the 
swinging. Air yalyes and safety yalyes are provided to each crane, 
to take any sndden shock and so prevent fracture. At some wharves 
the cylinders cannot be snnk below the ground line ; in this case the 
jib is fixed upon a platform, and the ram cylinders between the 
under side of same and the top of the wharf. This has the additional 
advantage that the jib is kept clear of the sides of the vessel when 
the level of the water rises. For small weights and low lifts, the 
cylinders are nsnally fixed in the hollow part of the crane post ; the 
post in this case is formed of two flat plates which are riveted to 
cross head plates, working at the top and bottom parts on turned 
pins. The same arrangements are made as before as to the stroke 
of the rams in the cylinders compared to the height to be lifted. 

Where craft ham to be unloaded from a V-shaped jetty some distance 
from the front of the warehonse, a special jib is fixed on framing, and 
at a sufficient height to keep the floor of the jetty clear to land the 
goods ; the jibs in these cases are from 25 to 30 feet radius, and some- 
times more. Cranes of this kind give the advantage of landing both 
at the wharf level, and also into one or more floors of the warehouse 
when it is situated within about 25 feet of the edge of the whar£ 

Power of Cranes. — ^Wharf cranes are usually made to carry 35 
to 40 cwt., and for exceptional weights one or more cranes are 
provided, capable of lifting from 3 to 5 tons, fitted with two or 
more lifting cylinders ; when not wanted for the maximum heavy 
weights one lifting cylinder only is used, and so loss of power is 
avoided ; or where the business is large, entirely separate cranes are 
employed for the heavy weights. For cranes to lift above 10 tons, 
it is advisable to apply auxiliary hand power to enable these 
occasional weights to be raised, the strength of all the various parts 
being made sufficient to take the maximum load ; a movable block is 
used in such cases. Taking the average work at a wharf or depdt 
such heavy weights have seldom to be dealt with : it would not pay 
in such cases to have such heavy and powerful inachinery for 
use. To avoid this the above plan is recommended. 

2 
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DiBEOT-AoTiKa 160-ToN Hydbaulio Crane. 

These fine cranes, shown in Drawing No. 7, were designed, made, 
and erected, by Bir W. G. Armstrong and Co., to lift and load heavy 
gnns, boilers, and other weights. They are nsed in docks and ship* 
yards where very heavy weights have to be lifted. The lifting power 
consists of a cylinder suspended from the crane head, with ram and 
piston working in the same. The lift is made direct from the ram, 
and not by means of chains or gear ; the swinging gear does not 
much differ from the nsnal plan. The jib and all its parts are 
wrought iron, very powerful and carefully proportioned. Such a 
crane is of necessity only used for heavy and special lifts ; the action 
is slow, to avoid any undue strain. The height lifted is about 
40 feet. The Author believes this type of crane is the only safe 
method of dealing with such heavy weights* They are of necessity 
very costly, but as they have to deal with goods of great value, a 
larger outlay for such apparatus is true economy in the end. 

They are manipulated with the greatest ease, and are of much 
value in large docks, as before stated, where heavy weights often 
have to be dealt with. The foundations must be carefully made, 
and must rest on a sound bottom ; in places where the ground is 
soft or marshy timber piles should be driven, and a platform of 
timber should be laid at least 6 inches thick; on this concrete 
should be laid, and on this the masonry or brickwork is placed built 
in Portland cement. The base-plate, which is a massive casting, 
is secured to the foundation by long holding-bolts and girder-plates. 



Movable Hydbaulio Crakes (Drawing No. 8). 

For dock and wharf work cranes are often made portable, and are 
run on rails fixed at the ground level to any desired spot. Hydrants 
are placed at various points in the pressure mains, with convenient 
means of attachment at the base of the crane ; a sliding or telescope 
pipe is used to admit of some adjustment. The crane is usually 
made with the working cylinder fixed inside the post — ^it is more 
convenient for light weights to dispense with swinging gear by 
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hydranlic power. The valve motion is the same as in the other 
cranes. The jib is constrncted in much the same way as for the 
cranes named at p. 18 ; a counter-balance is attached at the back part. 
It will be noticed the bottom part of the jib at its attachment to the 
side frames of the post is kept up some distance above the ground 
line ; this permits it to clear the sides of the vessels at high-water 
level. 

This class of crane possesses many advantages for dock or wharf 
work, especially in the latter case, the wharf usually being by the 
side of a tidal river. At the fall of the tide the vessel grounds, 
and when discharged, or all the goods taken out of one hold, the 
crane can be moved on to the next hold, or to another ship or craft. 
Some difficulty was experienced at the first use of these movable 
cranes, on account of the pipe joints leaking ; subsequent improve- 
ments have now got over this difficulty. A leading dock manager, 
and a great authority on lifting, lately stated, '^ he would always use 
hydraulic cranes in a dock ; but in any new dock he would prefer 
to have them movable." 

It must be borne in mind, to make hydraulic cranes pay they 
should be at work as many hours as possible ; the above plan allows 
of this, it also lessens the number of cranes required at a wharf or 
dock ; and thus keeps the wharf or quay clear, and allows of extra 
space for the stowage of goods, and the easier passage for men. 



EiiLmaTON's Patent Movable Hydbaulic Winch. 

This is shown on Drawing No. 9 ; it consists of a Brotherhood's 
three-cylinder engine, on the shaft of which is keyed a double drum 
with brake- wheel, supported on a substantial iron framing fitted with 
wheels and axles. The front wheels are made so as to turn under the 
frame for convenience in moving about. The weight of the apparatus 
is more than sufficient to balance the load to be lifted, and only 
requires to be kept steady by chocks placed under the wheels. 

The engine is controlled by a balanced valve, which is used for 
starting, stopping, or reversing. In most cases the machine is 
used with an up and down rope or chain, passed over snatch-blocks. 
At each lift the engine is reversed, and the only overhauling weight 
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required is that sufficient to balance the chain. Where working 
with a single ohain, by placing the handle of the controlling yalye 
in a different position, the water already in the engine cylinder is 
allowed to circulate and acts as a water brake, the oyerhauling 
weight being sufficient to turn the movable parts. 

A series of jointed pipes allows a convenient amount of move- 
ment of the apparatus without disconnection with the pressure main, 
the exhaust water being led back to the return main through a 
length of hose. The brake is added as an additional precaution to 
be worked by a handle, and is powerful enough to hold the engine 
with the pressure on, while it enables the apparatus being used 
without the engine as a lowering jigger. The machine takes the 
place of fixed cranes in discharging vessels, and can, if desired, be 
placed on the deck. It is also used by builders and contractors in 
towns where a sufficient pressure of water exists in the public 
mains. A very high speed of working is obtained, and the height 
of lift is practically unlimited. 



Post Cranes fob Bailway Work. 

The details of the jibs are much the same as before described, 
but the working cylinders with multiplying chains are fixed inside 
the hollow posts, which are usually formed of two wrought-iron slabs. 
Drawing No. 10 shows this crane in detail. For light weights no 
swinging gear is attached. The arrangements for the supply of pres- 
sure and discharge of waste water are shown in the enlarged detail. 
The working lever is placed near the foot of the crane-post. In 
cases where the lift does not exceed 5 to 6 feet, direct-acting 
rams may be employed ; they are very useful cranes, rapid in work- 
ing, and are easily controlled. Special arrangements are made, 
as shown in Drawing No. 11, where the ram cylinder forms part of 
the post. The crane in this case is swung by the usual separate 
cylinders ; these cranes are very handy where the weight and height 
to be lifted do not materially vary. In many cases, especially when 
the weights are light, no swinging-gear is attached, this operation 
being easily performed by hand power. The valve gear for both 
these cranes is of the usual type, and is worked by levers at the base 
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of the crane. There are several modifications of this type of crane 
to suit special circnmstances ; they are not, howeyer, of sufficient 
consequence to make it necessary to describe them in detail. 



Wabehouse Crakes. 

The jibs consist of two wrought-iron slabs with cast-iron dis- 
tance pieces between ; riyets pass through from cheek to cheeL The 
jib-head carries a grooyed wheel about 16 to 18 inches diameter ; 
the chain passes from the cylinders through the foot and up the 
hollow post of the jib, to this pulley. The hook is made with a 
safety spring, and near this is fixed a cast-iron ball sufficiently 
heayy to run out the chain. The jib is carried on a cast-iron plate, 
well bolted to the walls, provided with top and bottom bearings for 
the turned parts of the jib to work in. Pipes should be carried from 
inside the building to the various pins and bearings^ for the purpose 
of oiling them. 

Working OyKnderB. — ^These are the same as described for the 
wharf cranes, except that the cylinders are usually fixed vertically 
on the itmer wall of the building, and in most cases only one 
lifting cylinder is used, the cranes raising a certain maximum load, 
separate cranes being fixed where required to take the heavy loads. 
The valve boxes and levers are the same as before described. 
Separate cylinders are used for swinging the jib, which is applied 
in same way as in the case of the wharf cranes. The working 
cylinders are placed at the top fioor near the top of the jib — the 
stroke of the rams is usually made in the proportion of 8 to 1. In 
many instances, especially for light loads, the jibs are swung by 
automatic apparatus, by means of Bprings and an arrangement of 
levers and balance-weights, on plans designed by the Author some 
years since. 

Hydbaulio Foundry GsANEa 

Granes for lifting foundry ladles, and for other purposes, are con- 
structed somewhat in the same manner as the post cranes described 
at p. 22, except that they are direct-acting, the stroke of the ram 
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being equal to the maximTim height to be raised. The cylinder is 
placed vertically, and forms, with the ram, the post of the crane. 
The jib is made horizontal, and is strutted and provided with tie 
rods at the top side ; it is attached to the ram head by means of an 
iron frame, the foundry ladle or pot is hung upon four wheels, and 
travels on rails fastened to the jib plates. The jib is extended to 
the back of the crane, on which a sliding counter-balance can be 
racked in and out as necessary. The ladle is hung on trunnions at 
each side, and is swung by the usual worm and worm wheel gear. 
It is racked in and out from the post as required by means of 
screw- and wheel-gear. The ladle is raised to the height required 
by the direct stroke of the ram, without the intervention of chains 
or any other gear. 

It is swung by turning the ram in the cylinder; this is ac- 
complished by screw and worm wheel-gear. All the operations can 
be directed by one man. The diameter of the rams depends upon 
the load to be raised ; in some cases this is as much as 20 to 30 
tons ; a margin is allowed in case an unusually heavy lift is required 
at any time. The cylinder is provided with a large base-plate, which 
is strongly ribbed to the barrel. It is made of sufficient strength 
to resist the thrust of the jib ; the ram is treated in the same 
manner. The valve-box is usually in the form of a chamber with 
two ports provided with a slide-valve ; the shape of the pressure port 
is made taper, and rather wide in proportion to the length, to allow 
the pressure to be gradually applied, and so avoid shocks. These 
cranes are simple in construction, and perfectly safe in working. They 
can be adapted for light weights as well as heavy ones, and admit 
of many modifications to suit special cases. They are very suitable 
for unloading goods from vans and trucks when the height to be 
raised is but small ; when used for this purpose, the general design 
is altered in several particulars. 

Johnson and EiiLxngton's Patent Double-Foweb Htdbaulio 

Crane. 

Drawing No. 12 shows a form of double-power crane which is 
in extensive use and merits notice. A single sheave is mounted 
on the head of the ram working in the cylinder, and the ends of. 
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the chain passing oyer the sheave are attached to the smaller sheaves, 
one on the one side and two on the other. Either of these sheaves 
can be locked so as to form the fixed end of the chain passing over 
the ram. When one end is fixed the crane will lift a greater load than 
when the other is fixed. An ordinary hydranlic crane, constructed 
to lift 23 cwt. 40 feet in height, would for each lift use the same 
quantity of water, whether the load were 25 cwt. or 10 cwt. ; but in 
this crane, with the same size of ram, it would only make half the 
stroke, using half the water, when lifting the lighter load. It is 
specially adapted for working high warehouses where the loads vary, 
as, without increasing the size of the apparatus, a 10-cwt. or 15-cwt. 
crane is made to lift 20 cwt. or 30 cwt. half the height. In cases 
where heavy goods are landed on to a quay, and light goods only 
warehoused in the top floors, the saving effected by this system is 
very great; and the lighter loads can be lifted at an increased 
speed. Between sixty and seventy lifts per hour is an ordinary 
rate of lifting. 

Thornton's Double-Chain Sack Hoist. 

Drawing No. 13 shows an improved sack hoist fixed in the roof 
timbers of the building, and arranged for one chain to lower while 
the other is hoisting. There are two hydraulic cylinders and rams 
with chains led over multiplying sheaves on the ram-head and corre- 
sponding sheaves on the cylinder end, and on to a chain wheel which, 
in its turn, actuates the two winding drums. The working valve is 
arranged to open each cylinder alternately to the pressure and 
exhaust, thus raising and lowering each chain. With one of these 
hoists as much as 1400 quarters of grain have been stored in a 
warehouse 60 feet high in ten hours* time. 



Gbanes fob Goal LiFrma. 

The cranes used for lifting coals usually have a radius of about 
21 to 25 feet, and lift a coal bucket containing 10 to 15 cwt. about 
40 feet high at each lift. At the large floating vessels belong- 
ing to Messrs. Gory and Son, in the Thames, the average annual 
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work is equal to 1^ million of tons, from abont 1800 ships ; the 
maximum in one week being 53 ships, discharging 47,160 tons 
of coal. Three cranes will discharge a ship of 900 tons of coal in 
7i hours. On one occasion 872| tons were cleared in 4f hours, 
equal to 61^ tons per crane per hour, delivered and weighed. At 
another time one crane discharged 480 tons of coal in 8^ hours, 
equal to 58^ tons per hour. On another occasion, one crane dis- 
charged 64 tons in 59 minutes, equal to 65 tons per hour. The Author 
believes the above is the largest amount ever done by hydraulic 
cranes for this class of work. These cranes multiply 8 to 1, and 
give a high working result, both as to speed and economy. 

The coal skips used are 3 feet 6 inches in diameter, by 3 feet 
3 inches deep, and hold 14^ to 15 cwt., according to the kind of coal. 

The cost of working the machinery, including maintenance and 
repairs, but exclusive of interest and the men in the " hold," is 
about Id. per ton lifted ; taking all expenses into account, the cost 
may be put at ^. to 6d. per ton. 

The above data as to the amount of work done will only apply to 
places of like magnitude; for smaller quantities the cost will be 
proportionately higher. For ordinary lifting of coal the cost may 
be put at 6d. to 7d. per ton. 

The Largest Coal Cranes in use are those at Gallion's Wharf, in 
the Biver Thames, where a discharging ^berth has been recently 
constructed from the designs of Mr. Henry Adams, M. Inst. C.E. 
This installation, known as the " Albert Dock Coal Hoists," contains 
several movable cranes somewhat similar to that shown in Drawing 
No. 8, but so arranged that loaded trucks may pass under them, to 
economise the quay space. The cranes hare a variable radins from 
25 to 50 feet, a turniug power through 1^ revolutions, and a lifting 
capacity of 30 cwt. through a height of 60 feet. When luffed 
up to the minimum rake the cranes stand 70 feet above the 
rail level, and they run on a 16-feet gauge. This arrangement 
results in great economy of working, as the whole frontage may be 
occupied with ships, the barges lying outside them. The cargo .is 
delivered into trucks or barges with equal facility, capstans and 
traversers being provided for handling the trucks. The coal buckets 
are of steel, holding 18 cwt. of house coal, and proportionately 
more of Welsh or less of gas coaL Ships of the largest size 
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are discharged with equal despatch, as six or more cranes can be 
bronght to bear upon them at the same time. The weighing is 
antomatiCi upon the principle of fluid pressurOi transmitted to a 
gauge with a dial divided to show hundredweights and quarters. 
Owing to the magnitude of the tonnage dealt with, and the 
economical necessity for the utmost expedition, the major part of 
the coal coming to the port of London (say five millions of tons 
annually) is weighed on the cranes as lifted, or otherwise in transit 
between ship and barge. To aToid dispute between the colliery and 
the merchant, the weighing is mostly recorded by a body of officials 
known as ^' Meters," under the orders of the " Committee of the Goal 
Meters' Office," and the cranes are tested periodically by their con- 
sulting engineer. In other cases, private Meters are employed. 



HrDBAUuo Travbllebs for Workshop and Mill Pxtrposbs. 

The application of hydraulic power for raising and moving loads 
by means of travellers, is attended with great advantage. There 
are several modifications in the arrangements. In all cases, the 
girders, and the gantry upon which the traveller runs, are con- 
structed in the usual manner. The girders should always be made 
of wrought iron, either in the plate, lattice, or box forms. The spans 
vary from 20 to 50 feet ; when, however, this latter span is exceeded, 
it adds much to the expense of the apparatus. For details of this 
portion see p. 145, under the head of Travellers Worked by Steam. 
For foundry and factory purposes, the lifting machinery consists of 
a short stroke cylinder multiplying 4 or 6 to 1, according to the 
height to be raised ; it may.be placed either vertically or horizontally 
according to which is the most convenient for the particular case ; 
the traverser is generally worked by another hydraulic cylinder. 
The details of the machinery do not much iiSex from that used for 
cranes. The water-pressure pipes are carried along the gantry on 
one side ; the pipes are connected in about 8 feet lengths by ball 
and socket joints folding up or extending according to the position 
of the traveller. The pipes are suspended from light wheels which 
run upon the rails of the gantry ; each of the lengths of pipe is 
fitted with a chain to act as a guard, and prevent it from being 
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extended too £ar and so strain the joints. The pressure is generally 
700 to 750 lbs. per square inch, and is supplied from an accumnlator. 
It may be noted this class of machine cannot be used with economy 
unless craneei or other like apparatus haye to be worked. 

Travellers without Traversing Motion. — ^When these are for small 
height of lift, say 5 to 5 feet 6 inches maximum, and when it is only 
required to lift- at the centre part of the traveller or at each end, as 
in the case of purifier covers at a gasworks, a direct-acting ram and 
cylinder is provided, and by means of a cross-head of steel, and chains, 
the load is raised. It may be arranged with inverted cylinders fitted 
with pistons and steel rods, the lifting chains being attached direct to 
the piston-rod and to the load. For the purpose of raising light loads 
with a larger range of lift, a cylinder and ram with movable puUeys 
and chains is used. This acts independently of the main lifting gear. 

HydrautiG Power Companies. — ^In London, Liverpool, Hull, and 
other towns, the above companies supply water under pressure for 
working cranes, hoists, small engines, and other apparatus. It has 
proved a most successful system. The charge for the water is very 
wisely made upon measurement by meter of the actual amount used ; 
the tariff is very moderate, and offers a great inducement to many to 
use hydraulic power for various purposes. The convenience, as well 
as the safety, in using this power can hardly be sufficiently insisted 
on; there is absolutely no fire risk, no nuisance arising from heat of 
pipes, as in the case of steam power, no leakage from the pipes and 
apparatus. As no expensive plant, with pumping-engines, boilers, and 
tanks are necessary, no large amount of capital is sunk, and therefore 
no heavy charges for interest and repairs, &c., are incurred. The 
pressure is always available both by day and night, thus saving the 
attendance and expense of engine-drivers and stokers where pumping 
engines and accumulators are employed. The pressure given is from 
700 to 750 lbs. per square inch. It may be remarked as to the 
measurement by meter, no difficulty is experienced when using 
Schonheyder's patent positive meters, which the Author believes to 
be the most reliable for measuring water under the heavy pressures 
supplied by the Public Hydraulic Power Companies. A full descrip- 
tion and drawings of water meters will be found in the Author's 
book. Part I., on * Pumps and Pumping Machinery ' (Bpon). 
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CHAPTER m. 

t 

HYDRAULIO HZGH-PBESSUBE LIFTS AND HOISTS. 

Hydbattlio Wagon Hoists. 

These are nsed at the various railway depots and other places (see 
Drawing No. 19). They consist of a platform about 22 feet long by 
9 feet wide, capable of taking a loaded railway truck. The table is 
constructed of wrought iron, powerfully framed and riveted together, 
and provided with a 4-inch timber platform, on which are fixed the 
rails for the trucks to run on. At the top of the table or platform 
vertical trough irons are fixed, lined with gun-metal, about 12 inches 
long at top and bottom ; these form the rubbing-guides, and at the 
top of these a cross girder is riveted; chains are attached to this, 
and pass over the wheels to the counter-balances on either side. The 
vertical iron guides are stayed diagonally. 

Two rams are provided, one being 9 inches diameter, and the 
smaller one 6 inches diameter, by 20 to 25 feet stroke, to suit the 
height to be raised ; the heads of both rams are securely fixed to the 
lower part of the iron framing of the platform. The rams work in 
cylinders with bored heads, and are provided with leather collar- 
packing ; the cylinders are sunk in a well formed as before described. 

Two rams are used to raise the maximum load, but in lowering, 
the large ram, by a special arrangement of the valve-gear, is allowed 
to discharge, and the smaller one returns the water to the accumu- 
lator under the pressure of the descending load of the table, &o. 
To raise the empty table the small ram only is used. It will be 
seen by the employment of two rams of difierent areas, power is 
available according to the requirements, and much water is thus 
saved. The rubbing-guides may either be riveted on to wrought-iron 
framing, and placed above or under the table or platform, to suit the 
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Bpecial circnmstanoes of each case. They mnst each be 12 inches 
long, and at least 6 feet 6 inches apart, in order to form a sufficient 
gnide to the table. The gnide-bars are of cast iron, one being placed 
at each side of the table ; they are planed on the faces. 

The yalve gear is the same description as nsed for the cranes. 
Self-acting stopping gear at the top and bottom is provided in all 
cases. The load raised, including the weight of the wagon or tmck, 
is from 16 to 19 tons ; the pressure usually employed is 750 lb. per 
square inch. 

LiaHT Truck Hoisis. — ^A modification of the above is also used in 
warehouses and factories to carry up trucks containing light goods. 
The rams are small in diameter; and, to give them sufficient 
strength, they are made either of tubular or solid wrought iron or 
steel. The guide-bars may be of 4 inches by 4 inches T-iron, one 
being placed at either side of the table ; the rubbing-guides are either 
attached to wrought-iron framing placed above or on the wnderaide of 
the table. This must depend upon circumstances ; if head room is 
available, and a counter-balance is to be provided, the former plan is 
most convenient, but when the space above the top floor is to be kept 
clear the latter system is adopted. These rubbing-guides should be 
about 6 inches to 9 inches long, and should closely fit the guide- 
bars ; two should be provided on each side, the distance between the 
lower and upper guides should be at least 3 feet 6 inches to 4 feet, 
when placed under the table, and when above the table 6 feet to 
6 feet 6 inches aparL This is for the purpose of giving a perfect 
guide to the table, and to prevent any side strains being thrown on 
to the ram. Counter-balances in these cases are not generally 
provided when heavy pressure is at hand* 

The valve motion is of a very simple kind. The table or platform 
is made of wrought iron, with hard wood floor, or it may be made of 
boiler-plate i to j^ inch thick. Self-acting stopping gear is attached 
to 8tx)p the lift at the top and bottom, and so prevent accidents from 
over-running. 
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Lifts fob FASSENaEBS, fob Hotels, eto. (Drawing No« 21). 

When lifts and hoists are worked on the high-pressnre system the 
machinery consists of a long cylinder of cast iron, with a hollow ram 
either of cast or wrought iron, working in the same, haying a stroke 
or rise equal to the whole height to be lifted. The ram cylinder 
is contained in a well snnk in the ground ; it is either lined with 
brickwork or by an iron cylinder. The ram cylinder is suspended 
from the base stone, and hangs quite free in the well ; it is jointed 
together by flanges, in about 9 feet lengths, and well bolted together. 
To the top of the ram the cage or ascending room is attached ; this 
room is formed of strong iron framing well braced together, with a 
roof of plate iron i inch thick, to prevent accident £rom weights 
falling on top of the same ; the floor is of wood, carried on a frame of 
wrought iron, to which it is bolted ; the sides are lined with wood, 
and all parts are firmly bolted together. 

Two cast-iron guide bars, which are planed on their faces, are 
fixed to stone templates, which are built in the side walls; four 
rubbing-guides, lined with gun-metal, are fixed at the top and 
bottom of the cage. The guide bars should be set dead plumb; 
the rubbers should not have any side play. The rubbing-guides 
are kept up to their work by spiral springs. Counter-balances 
are not often provided for lifts when worked under heavy pressures. 
In other respects they are the same general construction as the 
low-pressure lifts, described more in detail at p. 60. 

The valve box is fixed in the basement, it is attached to an 
endless rope passing through the cage, and this enables the attendant 
to operate the lift from the inside of the cage. Self-acting stopping- 
gear is provided to stop the lift at the highest and lowest points. 
Special appliances are also provided to save accident from any cause. 
These lifts, being direct-acting, have no gear of any kind over- 
head. They are absolutely safe, noiseless in action, and can be 
worked with great ease. They are, however, only applicable where 
an accumulator is used, or where water under heavy pressure can 
be obtained from an accumulator or the Hydraulic Power Company's 
mains. 



82 HYDBAULIO LIFTING MACHINERY 



Ellxngton's Patent Htdbaxtuo Balanob Lift (Drawing No. 22). 

This consists of an ordinary direct-acting ram lift combined with 
a hydranlic balance. The object of the balance is to equalize the 
weight of the moving parts of the lift> without the use of oyerhead 
gear and balance weight?. It may be arranged for either a high or a 
low working pressure. 

The high-pressure balance consists essentially of two fixed rams^ 
arranged yertically on a common centre line with a cylinder sliding 
on them, the cylinder having an internal pocket tube dividing it into 
two compartments, and thus isolating the two rams. The upper and 
smaller working ram may be put in connection with supply or 
exhaust mains, as required. The lower, or displacement ram, is in 
constant commtmication with the lift cylinder, and the water between 
them having no means of escape, forms a direct communication 
between the lift ram and the moving parts of the balance, any 
motion of the one being transmitted to the other. The area of the 
displacement ram being always a multiple of the area of the lift ram, 
the stroke of the balance is necessarily a corresponding fraction of 
that of the lift, the multiplying power being arranged to meet the 
circumstances of each case. 

The cylinder of the balance is loaded with weights, which assist 
the working ram in generating any required pressure in the dis- 
placement ram. The pressure in the displacement ram is that 
produced in the lift cylinder by the combined weight of moving 
parts and load, divided by the area of the ram. When the lift is 
unloaded it is that due to the weight of parts only. The weight of 
the loaded balance cylinder is such as to generate a slightly less 
pressure than the latter in the displacement ram, and thus to nearly 
balance the moving parts. The area of the working ram is such that 
when under the working pressure it will, with the assistance of the 
loaded cylinder, produce a pressure in the displacement ram exceeding 
the highest produced in the lift cylinder. 

The controlling valve of the lift consists of a two-ported slide 
valve, the pressure port having two outlet branches, each with a 
screw-down spindle-valve, so that the connection may be made 
through either one of the branches. One branch is connected 
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directly with the lift cylinder, and the other with the npper or 
working ram of the balance. The connection to the lift cylinder is 
an auxiliary one, only being intended for use in case it is required to 
work temporarily without the interyention of the balance. The 
controlling valve is operated by means of a hand-rope passing 
through or alongside the lift cage, so that the valve may be worked 
from the cage. It is also provided with tappets at the top and 
bottom, which engage with a striker on the cage, so that the valve is 
operated automatically as the lift reaches either limit of its travel. 
When the lift is required to ascend, the controlling valve is opened 
to pressure, the water passing into the working ram forcing the 
moving cylinder down, and thus driving the water from the displace- 
ment ram to the lift cylinder. When the lift is required to lower, 
the valve is opened to the exhaust; the working ram is thus 
relieved from pressure, and the lift, loaded or unloaded, is able to 
overcome the loaded balance cylinder, causing its ascent, and 
the spent driving water from the working ram through the valve to 
the exhaust. 

The economy of the balance arises from the fact that the 
portion of the pressure in the lift cylinder due to the weight of 
parts is produced by the weight in the balance, the pressure water 
having only to raise the load, besides overcoming the friction of the 
apparatus. 

The balance, as described above, also serves another purpose, 
independent of the balancing. In high lifts, worked from a high- 
pressure supply system, such as that of the London Hydraulic Power 
Company, it is found that the diameter of the lift-ram is determined 
by its function, as a column which gives a larger area than required 
for raising the combined live and dead load with the given pressure. 
In such cases an ordinary balance, consisting of chains and weights, 
cannot be used. This introduces an additional source of waste in 
simple direct-acting lifts, which is avoided in the balance lift, owing 
to the fact that any required increase of the lift-ram may be met by 
a corresponding increase of the displacement-ram without materially 
affecting the working-ram, which alone determines the consumption 
of pressure water. 

In order to make up for any loss by leakage or otherwise of the 
displacement water between the balance and the lift, a charging 
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valve is provided, which, when opened, admits water from the pres- 
sure mains into the lift direct. It is arranged on the base of the 
balance, and the valve lever is set so as to be depressed by the 
balance cylinder if it should fall below its normal working limit, 
which it will do in case of any loss by leakage or otherwise of the 
displacement water. The depression of the charging valve lever 
opens the valve, and the loss is thus made up automatically. 

The lift cylinder is provided with a weighted relief valve, which 
prevents any undue rise of pressure in the cylinder. Provision is 
also made for this valve to be opened automatically, in case of any 
over-stroke of the lift, the water escaping, and any further rise of 
the lift prevented. 

When intended to work from a low-pressure system, such as 
ordinary town's mains, the design of the balance is slightly modified, 
the upper ram being replaced by a fixed cylinder, the moving 
cylinder itself forming the ram, working into the fixed cylinder, into 
which the pressure is admitted and exhausted as described for the 
high-pressure lift. 



HYDRAmjo Passenger Lifts at the South Lokdon and 

SUBTTBBAN BaILWAY. 

(Made by Sir W. G. Armstbong, Mitchell and Co., LmiTED.) 

At each of the stations of this underground railway the passengers 
are raised and lowered at the station by two hydraulic lifts, each of 
which acts entirely independently, and is capable of raising fifty 
passengers. The lifts about to be more particularly described are 
those at the Monument Station of this railway ; most of the others are 
of similar dimensions. The lifts are placed in a circular well 25 feet 
in diameter, side by side, one side of each ascending room or cage 
being flat, and the other part follows the contour of the well. The 
cage of each lift is 22 feet long and 9 feet wide and 11 feet high. 
The water pressure for raising the load is supplied by pipes from the 
{)umping station placed about 3 miles distant, the pressure being 
1200 lbs. per square inch. 

The two hoists in the well are quite independent of each othen 
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The lifting machinery is placed vertically at each side of the shaft. 
It consists of multiplying cylinders made of steel, the stroke being in 
the proportion of three to one. The cage is lifted by six steel- wire 
ropes passing oyer large pulleys at the top of the lift, four of the 
ropes being in connection with the hydraulic cylinder, and two with 
the counter-balances. The valve-box is fitted with piston-valves and 
the usual controlling gear, lever rods, and ropes. 

The ascending rooms are powerfully framed in steel, and lined 
with mahogany and pitch-pine panelling. They are lighted by gas. 
Safety apparatus is provided for each cage. 

The cages are guided by iron bars fixed to the sides of the well ; 
rubbing-guides are attached to the top and bottom of the cage- 
framing. Counter-balances are provided, which are each attached to 
two steel-wire ropes. The total height raised is 67 feet, and the 
time occupied is about three-quarters of a minute. 

The pumping engines and machinery are, as before stated, 
situated at Stockwell, about three miles from the Monument Station ; 
the pressure pipes are laid through the tunnel, from which, at the 
several stations, the power is taken to work the lifts. At the present 
there are only five stations, each one having two hydraulic lifts, 
representing a total of ten lifts to be supplied. There are three 
coupled engines^ which have sufficient power to meet any demand that 
may come upon them. They are of the usual Armstrong horizontal 
compound (non-condensing) type ; the pumps are double-acting, and 
are placed at the back of the cylinders, and are operated direct by 
the engine piston-rods ; the cylinders are high-pressure, 15j^ inches 
diameter, and low-pressure, 29| inches diameter, both having a stroke 
of 20 inches. The speed worked when under full load is 45 revolu- 
tions per minute. The pressure of steam used is 90 lbs. per square 
inch. The indicated H.P. of each set of engines being 140. The 
water is pumped into an accumulator which is loaded to give 1200 lbs. 
pressure per square inch. An extra accumulator is provided at the 
Elephant and Castle Station in addition to the above ; this is for the 
purpose of equalizing the pressure. The waste water is discharged 
into air vessels at each station, and from thence returned in pipes to 
the pumping station. 



D it 
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Goods and Luggage Lifts. 

These are nsnally worked by short-stroke cylinders multiplying 
by movable pnlleys, fixed either vertically or horizontally, as 
described at p. 18, and shown in Drawing No. 6. The cages are 
made of iron, strongly braced with wood floors, bolted to the lower 
part of the iron framing. They are fitted with an endless rope, 
which passes through the cage to the valves. Self-stopping gear is 
also provided to prevent accident. When a heavy pressure of water is 
used, counter-balances are usually supplied. The guide bars in this 
case are 3 inch or 3^ inch T-iron, either fixed to timbers or direct 
to the walls of the building. Safety gear is attached to the top of the 
cage to save accident in case of the chain breaking ; it is advisable to 
have the top of the cage made of wrought iron plate, the same as the 
last described. 

This class of lift is not suitable for passengers, on account of the 
unavoidable risk that always attends the use of chains or ropes ; the 
Author recommends the long ram lifts in all cases for passengers, as 
the only kind in which perfect security can be obtained, and is of 
opinion that any lift cage raised by chains, or ropes, should not be 
allowed in use. 

Coal-Loading Appabattts (Drawing No. 23). 

This machinery for loading coal from trucks into ships at the 
river side was designed and executed by Sir W. Or, Armstrong 
and Go. The trucks are run on to a lift table, or platform, having 
rails fixed on top, and being of a size to easily take the largest 
truck to be lifted. The wheels are stopped by wedges to prevent 
any movement during the time of making the lift. The platform 
is attached to a hollow ram, working in a cylinder : when hoisted to 
the required height, the truck is tipped by a small hydraulic ram, 
fitted with trunnions, and the contents shot out of the truck down 
an iron shoot, into the ship's hold. A pair of doors is fixed across 
the mouth of the shoot to control the flow of the coal, and stop 
it when required. An hydraulic crane of the same type as before 
described is used to form a conical heap of coal, to save breaking it 
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in discharging into the ship, sufficient being lowered in backets 
taken from the mouth of the shoot to effect this. The framing 
for carrying the crane jib, coal shoot, and machinery for raising 
and tipping, is of wrought iron, strongly braced and riveted 
together. The machinery for working the crane consists of short 
stroke cylinders combined with movable pulleys, as before described ; 
the jib is swung by two rams and cylinders of short stroke connected 
by a chain to a grooved wheel placed at the bottom of the crane 
post. It is a most rapid method of transferring coal from railway 
trucks into vessels or craft. This apparatus, as well as all previously 
described under this head, were introduced by Sir W. Q-. Armstrong 
and Go. They perform the work in an admirable manner. The 
weight of each truck with load of coal is about 19 tons : the trucks 
are tipped at about an angle of 45^ ; the height of the lift from the 
dock or quay level is about 37 feet. The cage, or platform, which 
receives the trucks is raised by two hydraulic rams, one about 
11 inches diameter, and one 6^ inches .diameter. In lifting two rams 
are used ; but in lowering the larger ram is allowed to discharge 
and the smaller one returns the water to the accumulator under the 
pressure of the descending table and wagon,' by which means the 
water is economised. 
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CHAPTEB IV. 

bundby machineby wobeed by hxah-pbessube hybbaulio poweb. 

Capstans. 

These nsefal apparatus are shown in the Drawing No. 14. They 
consist of two or three hydraulic cylinders with ram pistons working 
direct on to one crank shaft. They are fixed immediately under the 
capstan*head, to which they give motion. The valve gear and levers 
are of much the same construction as the cranes, and are fixed in a 
convenient place. Guide pulleys are provided at various spots, so as 
to be able to draw the trucks in any direction required. Some 
discussion has taken place as to the shape or contour of the head ; 
the Author considers it is advisable to use them with a slight taper 
only. 

Btoiherhood's Patent Three-Cylinder HydrauUe Capstan. — The 
three-cylinder capstan shown on Drawing No. 15 is one of the best 
applications of Brotherhood's engine, and the capstan itself is worth 
notice, as it was the first constructed in which the engine and 
capstan were made self-contained on one bed-plate. The engine is 
coupled direct to the capstan-head. An important feature of three- 
cylinder single-acting engines is that the moving parts are only 
subjected to strain in one direction, and in the Brotherhood engine 
advantage is taken of this in a particularly neat arrangement of the 
connecting rods, which all work on to one crank pin, and are always 
in compression. The simplicity of the construction of this capstan 
is shown by the fact that it can be taken to pieces and put together 
again in less than half an hour. 

Capstans are largely used by the railway companies and others 
for hauling wagons in the goods yards; a train of twelve to 
twenty loaded wagons can be drawn by a single capstan. The 
eontroUing valve is actuated by a treadle. The engine working direct 
on to the capstan, as in Brotherhood's system^ reduces friction to 
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a minimum, and the absence of gearing and alternate strains renders 
a breakdown a very rare occurrence. 

The use of capstans ought to become general in private works ; 
the cost is not half that of horse work, and when hydraulic power 
is otherwise used the first cost is not high. 

In cases where it is undesirable or difficult to construct a pit 
(generally about 4 feet deep) under the capstan, Mr. E. B. Ellington, 
M. Inst. C.E., has introduced an improvement by which the capstan 
is lifted bodily about 2 feet above the ground line without breaking 
any pipe joints, thus giving access to the various parts, while the 
working of the engine can be tested in its raised position. This ig 
shown in detail in Drawing No. 16. 



SwiNaiNa Dock Gates. 

Hydraulic apparatus as before described is used for this purpose, 
with chain gear from same to open the gates, as shown in Drawing 
No. 17. The work is done by a small hydraulic engine working with 
a crab motion, with a barrel to coil the chain on ; it is somewhat 
similar to the engines used for capstans described above. The 
details of the apparatus vary to suit special cases. The three- 
cylinder engine is also very suitable for such purposes, and can be 
easily applied. 

In some instances the gates are opened and closed by short rams 
and cylinders, with chain gear as described for the cranes (see 
Drawing No. 18), this system is often employed in the case of 
graving docks, and in other cases direct-acting rams and cylinders are 
used. The cylinders are sometimes made of steel for large gates ; 
they are about 2 feet 5 inches diameter, and the ram 1 foot 9 inches 
diameter, with a stroke of 25 to 26 feet, for gates for spans of 
openings of 80 feet. Apparatus of this kind is only used for large 
dock gates. 



SwiNoma Apparatus for Bridges. 

For heavy iron bridges a very useful application of hydraulic 
power is made. The pin upon which the bridge turns is raised by 
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hydraulic power to take the pressnre off the rollers and leave all 
perfectly free. Hydraulic cylinders with chains and wheel, the same 
construction as for the cranes, are employed for working, or email 
hydraulic engines with wheel and rack gear fixed to the under side 
of the bridge may be used. When the weight of the bridge is con- 
siderable, the whole dead load is not taken off the centre pin, on 
account of the dangerous oscillation that might take place ; usually 
only about two-thirds is taken, leaving one-third on the friction 
rollers. 

The largest bridge of this kind is the one across the Tyne at 
Newcastle, made by Sir W. G. Armstrong and Co. ; it is about 
280 feet long and weighs upwards of 1200 tons. The Author has 
seen this bridge swung open, allowing one vessel to pass, and close 
again in three minutes, with the greatest ease ; it is a magnificent 
piece of work, and is controlled in opening and closing in the most 
rapid manner, especially considering the large weight dealt with. 



Turn-Tables roR Bailways. 

Hydraulic power is applied to these in much the same way as 
above. The turn-tables can either be worked by cylinders as before 
described, or by the small hydraulic engines working in a rack or 
wheel fixed to the centre pin. They are much to be recommended, 
as at nearly all large railways high-pressure hydraulic power is 
available. The application of the power machinery in this case is so 
simplf) it does not require any detailed description. 



Eailway Platforms (Movable). 

Hydraulic power is used for working the above. One of this 
class of apparatus has been at work daily at the Paddington Station 
of the Great Western Bailway for some years. The moving platform 
is for the purpose of giving communication between two longi- 
tudinal main platforms. Others have been fixed since the above; 
the principle is, however, the same. They are very useful where an 
occasional communication is required transversely with a central 
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platform at a terminns. They can be moyed out ready for use in 
less than two minutes; when not wanted, they are drawn under 
the main longitudinal platform. 

There are many other purposes for which high-pressure hydraulic 
machinery can be usefully employed, such as for corn warehousing, 
applications to gunnery, opening of sluices, working wharf shear- 
legs, &c. In nearly all these cases the machinery is of a yery 
special kind; in some instances is not often required, and as the 
description of this machinery would take up too much space here, 
further detail has not been entered into. 
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CHAPTER V. 

HYDBAULIO CANAL BOAT LIFT. 

Tms macliinery is for the purpose of raising boats at Anderton, on 
the river Weaver, from one level to another ; it was designed by the 
late Mr. Edwin Clark, M.I.G.E., and was the first apparatus of this 
kind used for such a purpose. 

The difiference of height between the river and the canal at this 
point is 50 feet 4 inches. The lift was designed to raise the barges 
direct through this height, and thus save expense and time in passing 
through several locks. Drawing No. 20 shows the arrangement. 

There are two lifts ; the barges are raised and lowered when float- 
ing in a trough of water, it being arranged that the barges descend- 
ing in one lift should help to raise the barges ascending at the 
other lift. The size of these troughs is 15 feet 6 inches and 75 feet 
long ; they will hold either one of the largest or two small ordinary 
barges; those latter carry 40 tons, and the largest about 100 tons. 
The sides of the troughs are constructed of wrought iron, 9 feet 
6 inches deep at the centres, and 7 feet 6 inches at the ends. 
The depth of water in the troughs is 5 feet. At each end of the 
troughs there are lifting gates, and syphons at the side to regulate 
the depth of water required. The weight of each trough, with the 
water and barges, equals 240 tons, or a pressure of 4J cwt. per 
square inch on the ram. 

The rams are 86 inches diameter, hollow castings made in three 
lengths jointed by internal flanges and well bolted together. The 
details of the rams and cylinders are much the same as the ordinary 
hydraulic lifts for heavy pressures already described. 

The well cylinders are about 1^ inch thick, and 5 feet 6 inches 
in diameter, put together in sections and flanged at the joints. 

The Accumulator to work the lift has a ram 1 foot 9 inches 
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iiameter, by 13 feet 6 inches stroke, and has a capacity equal to one 
of the main rams for a stroke of 4 feet 6 inches. The two rams are 
in communication by a 5-inch pipe fitted with an eqnilibrinm valye 
for opening and closing the commnnication between them. The 
pipe firom the accnmnlator to the ram is 4 inches in diameter. 

The weight of each trongh, &c., is the same when an equal depth 
of water is in each. Suppose the heavier one descending with 5 feet 
of water against 4 feet 6 inches in the ascending trough, the valye 
between the rams being opened, the lighter one will be raised to 
within, say, 4 or 5 feet of the top. The rest of the lift is done by 
the pressure from the Accumulator. It is essential that the depth 
of water in the amending trough should neyer be more than 4 feet 
6 inches, the extra water being drawn off by the syphons ; there are 
twelve of these to each trough. About ^ of the entire lift is done 
by taking a layer of water 6 inches deep out of the ascending trough ; 
this is about 15 tons' weight, the ^^2 ^ complete the lift is performed 
by the accumulator. Each ram and cylinder, with its trough, is in 
turn an accumulator to the other, and does its own work in lifting 
and lowering. 

Time. — ^The lift will take up and bring down two barges in 
8 minutes. Had this been done by a series of locks, it would take 
1^ hour to 1^ hour for each barge to pass through. 

Each trough can be lifted separately by the engine and acoumu«> 
later. This is, however, a slow operation, and takes about half an 
hour. The lift is capable of transferring sixteen barges per hour — 
eight up and eight down. The barges can be raised the whole 
height, equal to 50 feet 6 inches, in three minutes. 

In the event of one ram and trough only being used, viz., a single 
in lieu of a double lift, a much larger pumping engine and machinery 
would be required. 

The details of the guides, valves, &o., are much the same as for 
heavy hydraulic hoists. The advantage possessed by this apparatus 
over locks, is the small amount of water used, and the time saved. 

The staff of men required is five. The total working expenses are 
£10 per week. 

The total cost of the lift work was £29,463. The work was dond 
in 1872, when iron was much higher than at present; and with 
many modifications that would be made in one at the present time 



44 HYDRAULIC LIFTING MACHINERY. 

(1892), it would cost considerably less. This apparatus is a most 
ingenious application of hydraulic power. The late designer stated 
that he would another time use a single ram and trough, worked by 
a large accumulator ; one- third of the cost would be saved, and as 
much work done per day as with the double lift. 

Clark and Standpield's Special Hydraulic Apparatus. 

In addition to the hydraulic canal lift, aboyeidescribed, and shown 
in Drawing No. 20, designed by the late Mr. Edwin Clark, there are 
several other ingenious applications of hydraulic power to special 
cases that merit notice here. As most of the apparatus of this firm 
is of a special character, it has been treated under a separate head. 

Messrs. Clark and Standfield have had very large experience in 
this class of apparatus. Most of the special hydraulic machinery 
now about to be described, is unique of its kind ; it is hoped the 
detailed particulars will be acceptable to the reader. A short 
description is given in each case, sufficient to explain the general 
system ; more minute detail could not be entered into, being beyond 
the scope of the work, and forming, as it would, a book in itself. 
The designers of the machinery described in this section have the 
merit of working in a new field, having carried out some stupendous 
works in a very ingenious and highly satisfactory manner. 

Differential Htdraulio Apparatus. 

In this apparatus any two weights can be balanced hydraulically, 
and may be made to ascend and descend at will by the opening or 
closing a valve. 

Let any two equal or unequal weights be supported on hydraulic 
presses, and the size and number of the presses so adjusted that the 
weights are in equilibrium, or rather, that one of them slightly 
preponderates. If we suppose the lighter of the two weights 
supported on three (or more) presses, and one of these presses be 
shut ofif, so that the weight rests only on two, the result will be 
that the weight will now descend. On opening the communication 
with the third press it will again ascend, and this may be repeated 
at will, only a press full of water being wasted at each stroke. As 
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the third press may be of small size, and the waste of water may be 
supplied firom an accnmulator, this forms a yery oonyenient moye- 
ment for the raising and lowering of guns, as shown at Drawing 
No. 21, or for similar purposes, sneh as lift-bridges, &c. 

The Accnmnlator is constructed with three presses. A', B', A', and 
three plungers. A, B, A. They are loaded with the weight, W, 
which is adjusted to balance the gun, Gr, supported on the press, C, 
and its ram C. The plungers, A A, are of such dimensions that, 
when loaded with the weight, W, and connected jointly with the 
ram, C, they just balance the weight of the gun, G, which is therefore 
free to be raised or lowered without any power except that necessary 
to oyercome friction. When this equilibrium is obtained, a small 
additional weight, W, is added on the accumulator, which conse- 
quently descends, and eleyates the gun, Gr, to its full height. All 
this time the plunger, B, is out of action, and is merely connected 
by a pipe with the supply reseryoir. If it be desired to cause the 
gun to descend, the tap, D, in connection with the small plunger, B, 
is opened, so as to place all three plungers in communication. The 
pressure being now distributed oyer all three plungers instead of 
only two, causes the weight, W, to ascend, and the gun, G, to 
descend. If it be again required to raise the gun, G, it is only 
necessary to close the tap, D, and the weight of the accumulator 
coming only on the two plungers, A A, again causes the gun to 
ascend as before; the water under the small plunger, B, being, 
as before, allowed to return into the supply reseryoir. In 
this way the gun, G, may be raised and lowered at pleasure by 
turning the tap, D, and the only power wasted is that of the small 
plunger, 6, which is made of such size as to be just sufficient to 
oyercome the necessary friction. It is eyident that the same effect 
of obtaining a slight yariation of pressure in the accumulator may 
be produced by either allowing the weight, W, to rest on the 
weight, W, or holding it off therefrom ; and this may be done in 
many ways. For example, it may be effected by the central 
plunger, in the manner indicated by the dotted lines, X. Thus, if 
water under pressure is introduced below the central plunger, and 
the weight, W, raised, the gun will descend ; but if the weight, W, 
is allowed to rest upon the weight, W, the accumulator will descend, 
and the gun again rise. 



' 
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It is obvious that, by the arrangement deseribed above^ there 
need be no waste of power except such as may be just sufficient to 
oyercome the friction of the leathers, &c., and one accumulator may 
be made to operate all the guns in a large fort. 

In a second arrangement, they support a weighted accumulator, 
not on a single press, as is ordinarily the case, but on a group of 
three, four, six or more presses, with a suitable arrangement of 
valves for throwing any one or more of them out of action. Let us 
suppose the object to be lifted to be a bridge or an ascending 
platform, with a varying load of vehicles or people ; the accumulator 
is so weighted that when all the presses are in action, the platform 
slightly preponderates, and descends. If it be desired to raise it, 
one only of the presses is thrown out of action : the accumulator 
now resting on fewer presses, exerts a greater pressure, and the 
platform consequently ascends. If the load be a heavy one, more of 
the presses are successively thrown out of action, until the weight 
of the accumulator, resting on a smaller number of presses, or it 
may be on only one remaining press, exerts sufficient pressure to 
raise the platform and its load. By this way very little power is 
wasted, as the quantity of water consumed at each lift is adjusted to 
the load to be raised. But there is still further gain to be obtained 
by employing a similar group of presses under the platform itself. 
In this case, if the load be a heavy one, it will drive back the water 
from a certain number of presses into the accumulator under full 
pressure, where it will be available for another ascent, and the 
greater the descending load, the greater will be the number of 
presses which will be enabled to return their power to the accumu- 
lator, the others discharging their water to waste. This system is 
particularly applicable to the case of ascending and descending 
platforms at railway stations, or at a high-level bridge, where the 
load, be it of men or of vehicles, is very variable. By this means a 
large proportion of the power used in raising the vehicles at one end 
of the bridge is afterwards restored to the accumulators by their 
descent at the other end. The same system, when applied to 
hydraulic cranes for the lifting of variable loads, enables the power 
to be increased two, three, four, or six times at pleasure. 

» Messrs. Clark and Standfield employ a somewhat similar arrange* 
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ment to ensnre {hat any load, such as a ship, or bridge, or a canal 
lift, when lifted by the simultaneous action of two or several presses, 
shall remain horizontal at all times. This is effected in the following 
manner : — ^Whateyer be the number of presses supporting the bridge 
or other object to be raised or lowered, the same number of presses 
are grouped together under a single accumulator of the same weight 
as the load to be lifted. Thus, in a bridge, there might be two 
presses under each end of the bridga These four presses would be 
connected separately to four similar corresponding presses under one 
and the same weighted accumulator. By this arrangement, what- 
ever be the inequality of the weight of the bridge, a perfectly 
uniform movement is secured in each of the four groups of presses, 
and the bridge must at all four comers ascend and descend with the 
same velocity, and preserve its horizontal position at all points of its 
ascent or descent. This is shown in Drawings Nos. 25 and 26. 
This arrangement is eminently suitable for transferring railway 
trains, either with or without their locomotives, from a low to a high 
level, or vice versa, and for surmounting abrupt prominences where 
inclined planes would be very costly in construction and expensive 
in working. 

The compensation is effected by a fixed syphon, S, supported by 
the tank, T. The accumulator, in addition to its weighted load, W, 
carries a compensating water-tank, M, which rises and descends 
with it. The syphon, S, dips into this tank, and as it descends the 
tank becomes filled with water and its weight increased ; and when 
it ascends, the water flows back again through the syphon, S, and 
the load is diminished so as to preserve the equilibrium at all points 
of the stroke. If a be the area of the plungers, t the area of the 
tank, and m the area of the compensating tank, the proper size for 
this tank, when adjusted for perfect equilibrium, will be 20m a* 2a 

+ (2a X -). 

V 

The Accumulator shown in Drawings No. 25 and 26 is formed 
with several plungers combined into a group, so that when it is 
desirable to cause several rams to ascend at the same time through 
equal distances, as in the case of lifting the two ends of a bridge or 
a canal lift, a railway train or gun platform, the several rams 
employed may be supplied with water under pressure from separate 
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plungers, and all the rams be thereby caused to ascend through 
nniform distances, a, h, e, d, and / are the six rams and plnngers of 
the accnmnlator. Four of the plungers, a, hy e, d, are connected 
respectiyely by pipes with four hydraulic presses at the comers of 
the bridges, and the accumulators are so loaded as to descend and to 
raise the bridge when the weight rests on these four plungers only ; 
c and / are used for lowering the bridge, and whenever they are 
placed in connection with the other four plungers, the accumulator 
rises and the bridge descends. 

On the other hand, when the communication with the two presses, 
c and f, is cut off, the whole weight of the accumulator comes on a, 
h, e,d; the four plungers descend, and the bridge is raised. Since 
these four plungers are all independent, and are connected inde- 
pendently to the four presses at the corners of the bridge, all four 
corners must rise at exactly the same speed and to the same level. 
When a vessel desires to pass, the bridge is either submerged under 
water to a sufficient depth to allow the vessel to pass over it, or 
lifted into the air sufficiently high for the vessel to pass beneath it. 
In a similar way, a train or gun platform may be raised and lowered 
by two or more rams supplied with water under presstire from 
separate cylinders of an accumulator such as above described, and 
thereby ensure the raising and lowering of the platform in a 
horizontal position. 

Hydbaulxo Wagon Hoist (Drawing No. 27). 

This is designed by Messrs. Clark and Standfield, for raising 
railway wagons from a lower to a higher level, for contractors' 
purposes. It is worked by an accumulator capable of lifting one, 
two, or more wagons at each lift, to a height of 30 or 40 feet, and is 
calcxdated to effect a great saving in time and horse power. The 
accumulator may be the same as shown at Drawing No. 25. The 
press is shown at] AB, at an angle of 45*^. Whenever G carries a 
wagon, D, or other load, it may be raised up to a higher level at E, 
where the wagon is removed and replaced by an empty wagon, which 
descends to a lower level ; the power used in raising the platform 
and empty wagon being again given back to the accumulator as they 
descend. The accumulator is so arranged as to have different powers. 
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ThtLs, when all six presses are connected with the empty platform, 
it descends ; if two of these presses be cut off, and the weight of the 
accumulator be allowed to rest on the remaining four, the pressure 
is sufficient to raise the platform with the ordinary load ; if three of 
the presses, d, /, I (Drawing No. 26), are shut off, and the weight 
allowed to remain on the other three, it will raise a wagon with a 
heavier load ; and if four of the presses are shut off, a, 6, d, e, and 
the weight of the accumulator allowed to rest on the remaining 
two presses, it will be in a position to lift the heayiest load; 
and all these changes may be made on the instant by opening the 
Talyes g, g. 

Htdbauuc Grid (Drawings Nos. 28 and 29). 

Messrs. Clark and Standfield have had large experience in 
hydraulic machinery for raising vessels, and have introduced an 
hydraulic apparatus for docking vessels, which is especially suitable 
for the shores of tidal waters. In this grid, the presses are placed 
directly beneath the vessel, whereas in the ordinary hydraulic lifts 
the vessel is supported on girders. The economy effected by this 
and other arrangements is such that the designers estimate the cost 
of such docks as not exceeding, under favourable circumstances, 
about £5 per ton weight of vessel lifted, which is very greatly less 
than the cost of any other dock whatever. 

Drawing No. 28 shows an end elevation of the grid, with a vessel 
raised upon it. A A are the presses, B B the rams, C G the pontoon 
or grid. In Drawing No. 29 the grid is shown in plan, with the 
skin-plate removed to show the construction, and with the outline of 
a vessel dotted upon it. The backbone is there shown as consisting 
of two parallel wrought-iron girders the whole length of the dock ; 
there are also on each side an intermediate longitudinal girder and 
an outside girder. These are crossed at a right angle by a number 
of transverse girders, or ribs. Five of these transverse girders are 
shown in pairs, and these are placed over the bilge presses* 

In Drawing No. 28 sliding bilge-blocks, D D, are shown, and at 
the ends of the girders side shoring frames, E E, to keep the vessel 
upright. The rams as they ascend carry up the grid, with the 
vessel upon it, and when it is at its highest level it is supported 
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there on strntB or pawl-legSi 'which are by preference jointed to the 
grid at the top, and which were at first suspended in a horizontal 
position, but which are now allowed to fall verticallyy so that their 
bottoms rest npon the shoulders of the presses or upon conyenient 
tables attached thereto. These pawl-legs, or pillars, are shown in 
their vertical position in Drawing No. 28 resting npon the collars of 
the presses, and are marked F. There may be as many legs as there 
are presses, or in some cases twice as many. As soon as the weight 
rests npon these stmts, the rams are lowered into the presses to 
prevent them from rnsting. 

The presses are divided into three groups, for maintaining the 
level of the grid in the manner nsnal with hydraulic lift docks, each 
group taking as nearly as possible one-third of the weight. The 
vessel is thus supported on a triangular bearing, and can be listed 
laterally or longitudinally in any direction without unequal strain. 
The pipes leading from the three different groups are^ indicated by 
dotted lines leading to the valve house, where they are concentrated 
into three sets, marked H, I, E (Drawing No. 29). The grid is 
guided as it rises and falls by means of grooves and tongues, or 
rollers working in fixed vertical columns at the sides or ends. The 
columns also act as fenders, and are marked LL in all three 
drawings. At the inner side of the dock, these grooves or tongues 
are secured to the wall, as shown at M M (Drawings Nos. 28 and 29). 
In some cases it is preferable to incline the presses at an angle, in 
which case the grid rolls or slides up an inclined plane. The presses 
in Drawing No. 28 are shown thus inclined, and leaning towards the 
inner wall. In place of the struts, or legs, F F, it may be sometimes 
preferable to employ a framing of trestlework with diagonal braces, 
and this may be constructed like a skeleton box, with four sides ; in 
-which case it is formed of timber, so that it may be conveniently 
floated into its place when the vessel is raised. Drawing No. 28 shows 
an end elevation and a side elevation of one of these skeleton presses. 

The vessel is brought over the grid at high water, the pumps are 
set in action, and the grid and vessel are raised well above high- 
water mark; the legs or trestles are placed in position, and the 
whole is lowered until the grid rests on the legs. The rams are now 
lowered down into their presses, and allowed to remain there while 
the vessel is being cleaned or repaired. 
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Htdraulio Canal Lift. 

Messrs. Clark and Standfield haye also made many improvements 
in canal lifts, similar to the one erected by the late Mr. Edwin Clark 
at Anderton, in Cheshire, described at p. 42, and, with Mr. Edwin 
Clark, haye designed some of larger dimensions for the French and 
Belgian Goyemments, The large size of the presses required for 
snch purposes (6 feet 6 inches in diameter, with 60 feet stroke) 
brings into prominence a loss of power which is generally oyer- 
looked. Let ns suppose two such presses joined by a tube and 
working without any friction ; the two pistons would immediately 
assume the same horizontal leyel. If now one of them be forcibly 
depressed 30 feet, so as to eleyate the other 30 feet, it will be found 
that a weight of 40 tons will be required to balance the weight of 
the extra water in the eleyated press, and this 40 tons of power is 
necessarily wasted eyery time a yessel is lifted or lowered. Messrs. 
Clark, Standfield, and Clark haye, howeyer, entirely obyiated this 
waste of power, which is common to all hydraulic presses, by an 
ingenious compensator, which maintains perfect equilibrium of the 
presses in all positions, and enables them to be used without any 
loss of power except that due to friction. 

Hydraulic Canal Lift, designed for the French Goyemment by 
Messrs. Clark, Standfield, and Clark, for Fontinettes, near St. Omer 
(see Drawings Kos. 30 to 35). 

A, lifts; B, rams supporting the lifts; C, presses; D, pipes 
communicating with both presses ; E, yalye ; F, rod for working the 
yalye; G, permanent aqueducts; H, gates closing the aqueducts and 
the lifts ; 1, dry reception chamber for the lift to descend into ; J, 
accumulator ; E, yalye house. 

This canal lift has all the latest improyements, and is remarkable 
for the large size of the hydraulic rams, which are 6 feet 7 inches in 
diameter, and haye a stroke of about 45 feet. In this lift the 
yarying weight of the water in the presses is perfectly compensated 
in eyery position, and there is loss of neither water nor power 
beyond that necessary to oyercome the friction of the leathers and 
guides. 

s 2 
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Comparing this arrangement with that at Anderton, described at 
p. 42, the loss of water is in the ratio of 1 inch to 5 feet, that is, -^ ; 
and by comparison with an ordinary lock, the loss of water is only 
as 1 inch to 45 feet, that is, less than ^^ ; of course, the area is 
assumed to be the same in each case. An important point to notice 
is that, when loaded barges are descending and empty ones going up, 
a volume of water equal to the difference between the weights of the 
ascending and descending barges is raised and passed into the upper 
canal. 

Besides a second series of lifts which have been designed for the 
French Government, two series of lifts of somewhat similar dimen- 
sions have been designed for the Belgian Government, the first of 
which obtained the Government prize awarded after public compe- 
tition. This series of lifts was designed for passing a canal over a 
range of hills between Gharleroy and Brussels, where water is not 
obtainable. In fact, this important feature of the hydraulic canal 
lifts enables the engineer to carry canals over dry table-lands, where 
there is no water supply, and where canals with locks would be 
impracticable. It will also render the construction of canals possible 
in many districts, and much saving will be effected in the construction 
of locks, and saving of time in transit of the barges as well as the 
saving in water. 

In describing these canal lifts, the Author believes he has brought 
to the notice of many engineers and others a most ingenious appli- 
cation of hydrauUc power which is very little known. He, however, 
believes there is a grand future before it, and too much praise 
cannot be given to the designers of such powerful apparatus. 



Clark and Btakdheld's Hydraulic Lift for Bailway Trains. 

This apparatus is shown in Drawings Nos. 36 to 38, and is a 
novel application of their patent hydraulic system, which may 
probably solve a difficult problem in railway work, especially in the 
vicinity of large towns, or where the trains of different companies 
may arrive at the same point at high and low levels. Much saving 
of time and cost would be effected by the proposed plan, which also 
has the advantage of being perfectly safe, free from all complication 
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in working, and also a yery economical application of power. A 
large amount of money has been wasted in forming inclines, which 
are not only expensiye, but dangerous to work, and require excessiye 
engine power. This is illustrated by the approaches to the Thames 
Tunnel, the Ludgate Hill Station, and the high-leyel stations of the 
London, Chatham, and Doyer Bailway ; the Snow Hill incline, and 
many similar places. This eyil may be entirely obyiated by the 
hydraulic system of balancing one train against another, or preferably 
by balancing the train by a differential compensating accumulator, 
with automatic yalyes, to ensure the horizontality of the system. 
Such a system, designed by Messrs. Clark and Standfield, is illus- 
trated in Drawings Nos. 36, 37, and 38. Drawing No. 36 shows a 
side eleyation, Drawing No. 38 an end eleyation, and Drawing 
No. 37 a plan of a hydraulic train lift (which may be made of any 
length), suitably guided and supported on a number of presses. The 
trains are balanced by a differential compensating accumulator (not 
shown in the drawing), on the system described before ; so that the 
train or accumulator may be made to preponderate, and be raised or 
lowered at will. The train is kept leyel by automatic yalyes, as 
before described. When the height is moderate, this operation may 
be easily performed in less than one minute, as in an ordinary 
passenger lift. Before the train descends, the opening is protected 
by powerful hydro-pneumatic buffers, as in the Drawing, which 
shows one in position, and one swung back. Similar buffers are 
proyided at both ends of the lift. This system could be cheaply and 
readily applied both to tunnels and high-leyel bridges, and would 
be yery suitable for riyer ferries. By a similar compensating system 
applied to balancing platforms for railway passengers, a railway 
tunnel might be constructed in the London clay at a low leyel 
beneath streets and houses, without interfering with any surface 
property, except at the stations, the trains being raised to the high- 
leyel systems when outside the city area. 
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CHAPTEB VI. 

GEMEBAL REMARKS AND DETAILS OF HiaH-PBESSTTBE HTDBAUIJO 

MAGHINEBY. 

The following details and data refer to the High-Pressure Hydraulic 
Machinery described in the previous pages ; it is collected in this 
section to save repetition, because most of the matters hereafter 
named apply to the various apparatus described. 

Valves. — ^Slide valves working over ports are not usually so good 
as piston mitre valves ; when, however, they are adopted, the pres- 
sure port should be made V-shape, to allow the power to be applied 
gradually, the valves and faces must be made of gun-metal, and the 
work must be of the best kind. To relieve the heavy pressure on 
the back of the valve, a balanced valve is sometimes employed with 
much advantage. No sharp bends should be allowed, either in the 
passages of the valve boxes or in the pipe connections leading to 
and from same. The size of the pipes to and from the valve boxes 
must be carefully proportioned to save undue friction. No rule can 
be given for this, as it much depends upon the pressure used and 
the circumstances of the case. 

Pipes. — ^When placed outside are usually carried underground in 
close trenches, and must be well protected from any chance of injury 
both from frost and the passage of vehicles. Those passing through 
warehouses should be carried on brackets on the walls, and be pro- 
vided with small cocks at various points to drain them in case of 
frost ; they should also be protected by clothing from the effects of 
the weather. Valves should be placed at suitable points to shut off 
the water when not required in certain directions, and also for 
closing in case of fractures to save stoppage to the whole length of 
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the main. Air cocks are provided in suitable positions to keep the 
pipes free from air, and to ensure a perfect circulation of the water. 

Chains should be carefully examined once per week, and changed 
once per month. Several spare chains should be kept for use in 
case of emergency; only the best short-link tested crane chain 
should be used. The chains when taken off should be passed 
through the fire and annealed, and turned end for end when next 
put on the crane or hoist; the wear is thus taken upon another 
part of the link. 

Skips or Buckets for unloading coal, sand, and like material, may 
be made of steel plates, and usually hold from 7 to 12 cwt. Where 
one or two cranes are used, the Author recommends 7 cwt. skips, 
two being provided for each crane ; they should be mounted on three 
swivel-friction wheels, running on turned steel pins, carried in 
carriages bolted to the bottom of the skips. 

The Water used for hydraulic apparatus must be clean, and 
should in most instances be drawn from a receiver or tank; all 
gritty matter will sink to the bottom ; the suction pipe should be 
placed 1 foot or more from the bottom of the tank, to prevent any 
dirt or grit being pumped and passed through the machinery. In 
all cases the tanks should be closely covered at the top and pro- 
tected at the sides, to protect them from the weather. 

The Quantity of Water used by a 30 to 85 cwt. crane to lift 
goods from the hold of a ship to the wharf level (aUowing for the 
bulwarks of the ship), is about 9^ to 10 gallons; and to lift the 
empty chain from the wharf and ready to swing over the vessel, say, 
6^ gallons ; or, say, 16 to 161$ gallons as a total for the lifting, but 
exclusive of swinging the crane. 

The Cost of Pvmping Water under Pressure. — ^Taking a pressure ' 
of 750 lbs. per square inch to be the usual maximum used, the cost 
is about 8^. to IQs. per 1000 gallons when pumped upon a large 
scale, such as at docks, &o. ; when there are only three or four 
cranes, say, 10a. to 12a. per 1000 gallons. All cost is taken into 
account — fuel, wages, repairs, and superintendence, interest on 
capital, and every working expense. 
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The Total Cost of lifting by hydraulic power may be taken 
at 1*26(2. per 100 foot-tons; this is an average taken from the 
returns of seven large places ; 15 per cent, is allowed in the above 
amount for interest and depreciation. This is provided the cranes 
are in constant work; it would be safe to take, say, 2^. to Sd. 
per 100 foot-tons for ordinary work, and for small places a much 
higher rate. 

Comparison op Cost with Hakd Poweb. — ^The average working 
of hand-power cranes requires eight men at the handles to lift 
10 cwt. working twenty sets per hour, or 10 tons raised 40 feet, at 
a cost for labour of 2a. 8d. per hour. By the hydraulic cranes, one 
man at 4(2. per hour — thirty-six lifts of 15 cwt. each made per hour ; 
or 27 tons 40 feet high, at a cost of 4d. Hand power, say, 3^d. to 
4(2. per ton; hydraulic, Id. per ton for labour. This average is 
taken from the work actually done at one of the large London 
wharves. 

Speed of Liftino. — ^In 80 cwt. hoists and cranes it is about 4 feet 
to 6 feet per second ; wagon hoists with 13 to 14 ton trucks, say, 
about 22 feet in 15 seconds. One 30 cwt. crane can discharge from 
a ship to the wharf level when working eight hours, 460 to 470 tons. 
Bags of seed can be lifted and warehoused a total weight of 560 tons 
to a height of 75 feet in about eight hours ; special arrangements 
are made for the slinging of such goods. 



General Beicabks. 

High-pressure hydraulic machinery can be most usefully and 
economically employed at railway depdts, large docks, wharves, and 
warehouses, and especially where a number of cranes, hoists, and 
other apparatus, have to be worked at some distance from the 
engine power. In the case of docks and warehouses, this enables the 
proprietors to have the engines and boilers at one spot, in a fire- 
proof building, if necessary, and where one set of men can attend to 
the whole of the boilers and pumping machinery actuating the 
accumulators. Where hydraulic machinery is employed, the fire 
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companies do not inciease the rates of insurance; the danger of 
possible explosion from sereral boilers (which would be necessary 
for steam power) is avoided ; and whererer extra cranes are required, 
an attachment can be made to the main pipe with small outlay. 
Hydraulic cranes are well under control; in fact, all hydraulic 
apparatus has had such careful attention from seyeral designers and 
makers, that the Author considers such apparatus are more easily 
and safely controlled than any other class of lifting apparatus in 
use, and he also believes can be more safely and expeditiously 
worked. One great advantage of hydraulic machinery is that no 
wear and tear takes place when the cranes and lifting machinery are 
out of action — the power at this time is stored up in the accumulator 
ready for the next time of working. This is a great consideration at 
a dock, wharf, or railway depot, and other large places of like kind, 
where the work is intermittent ; the cranes can be started at any 
time, and are ready to raise their maT^imnm load. 
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CHAPTEB YH. 

L0W-PBE8SUBE HYDRAT7LI0 UFTIKa ICAOHINEBY. 

This class of hydraulic machinery is principally used in priyate 
factories and public institutions; it is worked on the following 
plans, viz. : — 

1. By head of water from a tank fixed at the highest point of a 
building, or any other eleyated place. 

2. Where the water companies and town corporations will allow it, 
pressure may be taken from the public mains, and the expense of 
erecting a large tank saved. This is not, however, always advisable, 
as in case of an accident at the waterworks, or any unusual demand 
upon the mains, sufficient pressure cannot be obtained to work the 
lifts. 

3. Where several short-stroke lifts or cranes have to be worked, 
a small engine pumping water into an air-vessel may be advan- 
tageously used; the water is pumped under a pressure of 100 to 
200 lbs. per square inch., The air-vessels have to be specially made 
to ensure they are absolutely tight, and cause no leakage of the air. 
A small pump is employed to keep up the pressure of the air. 

The great advantage of working the lifts from a tank is that the 
user is quite independent of all machinery, excepting the power re- 
quired (in large places) to re-pump the water into the tank. No water 
in this case is wasted, and the lifts can be used at night without any 
attendant being required for the pumping machinery, as in the case 
of high-pressure hydraulic lifts. The cost of the machinery is tax 
less, and there is very little chance of leakage, on account of the 
lower pressure in the pipes. The wear and tear and consequent 
repairs to the machinery are small, the leather collars, when properly 
fitted in, last for years, and the machinery not being subject to the 
same shocks as in the high-pressure lifts, there is little liability to 
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get ont of order. The Author, having designed a large number of 
this class, may, from the experience of some years, state that no 
accident of any kind has taken place to anyone using snch lifts* 



PAssBNasB Lifts (Drawing No. 21). 

The constrnotion of these is in some respects mnch the same as 
the high-pressnre lifts, described at p. 30, except that all the parts 
are made of less strength, and vary slightly in some of their 
details. 

A well is snnk in the centre of the lift-shaft, rather deeper than 
the height to be lifted ; when constructed in the London district — 
where gravel and sand are usually met with near the surface — the 
water is shut out by sinking cast-iron cylinders; these should be 
3 feet in diameter, and in about 6 feet lengths, internally flanged 
together and well bolted. The first cylinder is provided with a 
cutting edge at the bottom, and when the clay is reached it is 
driven from 2 to 3 feet into it, to form a joint, and prevent the 
water rising under the cylinder. The rest of the well may be lined 
in brickwork, 4^ or 9 inches thick, and built in Portland cement ; 
the thickness of the lining of the well depends upon the nature of 
the ground. Great care must be taken to keep the well perfectly 
verticaL 

The cylinders in which the ram works are suspended in the well, 
the stroke of the ram is equal to the height to be raised ; it works 
through a bored head fitted with a gland and leather collar ; this 
head is seated on and bolted to the foundation stone. 

The cage, or ascending-room, is attached to the top of the ram, 
and is made of wrought-iron, well framed together; the top is 
j^inch wrought-iron plate ; the floor is of oak, and the sides pine- 
boards, grooved and tongued, and bolted to the iron frame at the 
top and bottom part of the cage. 

Cast-iron planed V guide bars are fixed on stone templates built 
in the walls at each side of the lift-hole; they must be erected 
perfectly plumb, and must leave very little side-play at the rubbing 
guides, which are fixed at the top and bottom of the cage on either 
side. 
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To the top of the cage are attached two wronght-iron plate 
wings, to which the coimter-balance chains are attached on either 
side. These chains work in grooves in the side walls, and pass over 
two cast-iron chain- wheels fixed on the top of the side waUs, and so 
to the counter-balances, which work in iron guide bars fixed on each 
side of the grooves in the walls on either side of the lift-hole. 

The valve-box and gear to work the lifts is fixed below the floor, 
and self-acting stopping gear is also provided to stop the lift at the 
highest and lowest points to prevent accident Every possible 
provision is made to ensure perfect safety. 



Hydraulio Passenoeb Lift to raise 10 owt. (Drawing No. 21). 

The construction of this lift is given as an example to show the 
system which is recommended for adoption for lifts with 7 inches to 
10 inches diameter rams, some of the dimensions being subject to 
adjustment to suit the size of the ram used in each particular case. 

The ram is 9 inches diameter, and 63 feet stroke, capable of 
raising 10 cwt., worked by a head of water of 103*5 feet = 45 lbs. 
per square inch. A large number of these lifts have been constructed 
to the designs of the author, and have been successfully worked for 
some years. 

The Cylinders. — ^These are 11 inches diameter inside, and are 
made of flanged pipes feiced at the joints. The barrel is 1 inch 
thick, and the flanges 1^ inch ; they are bolted together with eight 
bolts 1 inch diameter ; the length of each section of the cylinder is 
about 9 feet, the lower cover must be made 2 inches thick, and be 
strongly ribbed. The cylinder is attached at the top to a large 
casting 3 feet high, which rests upon the foundation stone; it is 
bored at the top, and recessed for the packing-leather, which may 
either be U or hat-shaped. A gland is fitted at the top of a less 
depth than the leather, and so leaves a space for it to rest in, and 
gives facilities for removing the leather without drawing out the 
ram. The gland is bolted to a top flange, and made watertight. 
The base of the top casting is planed, and the stone carefully 
chiselled true and dead level for it to rest on ; it will be seen if this 
head of the cylinder, which also forms a base-plate, is made absolutely 
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level, the ram will work perfectly vertically, which is a most essential 
thing in these lifts. 

The Bam is 9 inches diameter, made of cast or wronght-iron ; in 
the former case it is made f inch thick, and in ahout 9 feet lengths, 
screwed together by internal and external Y screws of six threads 
per inch ; they must be made a perfect fit, and each length of ram 
should be made interchangeable ; no jointing material must be used, 
but the dead fit at the threads depended on. In the case of wrought- 
iron or steel tube rams, they are made about f inch to ^ inch thick, 
and are jointed by screwed thimbles, forming a junction of at least 

6 inches deep. The bottom of the ram in each case is closed water- 
tight by a cast-iron faced flange, and well bolted by turned studs, or 
it may be screwed in. The ram is attached to the cage by connecting 
it with a bored boss contained in a frame bolted to the lower part of 
the wrought^iron framing of the cage ; it is also provided with extra 
safety bolts of steel, which are attached to a lower part of the ram. * 

The Gage, or Ascending Boom, is made of wrought-iron, well 
framed together as described. The size for hotel or hospital work is 

7 feet X 5 feet 6 inches x 6 feet 6 inches high ; the way in which 
the counter-balance chains are attached to the sides of the cage has 
been described. The floor is made of oak planks, 1^ inch thick, 
grooved and tongued, and well bolted to the lower frame of the 
cage; the sides are either of oak or deal boards, | inch thick, 
grooved and tongued, and bolted to the top and bottom frames of 
the cage; they thus help to stiffen it, and increase the rigidity 
without adding to the weight. The working rod or rope passes 
through the cage, thimbles of turned gun-metal being provided to 
prevent friction ; the lift is thus stopped and started by the attendant 
only from the inside of the cage ; this prevents any interference of 
other people, and saves accidents. Bubbing-guides lined with gun- 
metal made in the form of piston guides are attached to the cage on 
each side at top and bottom ; they should be at least 8 inches long, 
and be provided with a cup-piece at the top of the liner to take 
the grease. 

The Omda-Bars. — ^One is fixed at each, side of the cage ; they are 
of cast-iron with V faces, which are planed ; they are also planed on the 
fiEicing pieces at the back ; they are put together in 8 feet to 9 feet 
lengths, and bolted at about 4 feet 6 inches centres to stone tern- 
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plates let into the wall. These templates are tooled to a true face, 
and made absolutely plumb. Great care should be exercised in the 
fixing of the bars to ensure that they are dead leyel each way. 

Two Cou/nter-hdlanee Weights are provided for the lift, one being 
placed at each side wall at the back of the cage ; these weights are 
made about 2 feet wide and 5 inches thick, and a length sufficient to 
giye the weight required; they have planed grooyes at each side, 
and sUde in 2J^ inch L-iron guides, placed in recesses in the side 
walls, and are provided with pockets at the top part to permit of 
adjustment. 

Ghain Wheels. — ^Two grooved wheels, 3 feet 6 inches diameter, 
supported on brackets, are placed on top of the side walls ; the chains 
are | inch diameter, one end of each being attached on either side of 
the projecting jaws in the cage, and the other by means of a link to 
the counter-balance weight. It will be seen by this arrangement, 
which was introduced by the Author about twenty-fiye years ago, that 
no gear of any kind is placed overhead, the chains and balances working 
in recesses left in the side walls of the well-hole. These recesses are 
covered by boards 1 inch thick at the &ont. In case of either of the 
connections between the cage and the counter-balances breaking, the 
weight would fall to the bottom on india-rubber cushions, and thus 
all liability of doing personal injury is avoided. At the level on 
which the chain wheels are placed a strong floor is provided, so that, 
in the event of a fracture of any part of the wheels or their enclosure, 
it would fall on the floor, and would do no damage to the cage or its 
occupants. 

Valve-Box and Gear. — One valve-box fitted with ram or piston- 
valves is placed near the head of the cylinder, and by an arrange- 
ment of levers, &c., is made to start and stop the lift as 
required. 

The pipes are made of a diameter to suit the pressure of water 
passing through ; in this lift the inlet pipe is 4 inches diameter, and 
the outlet 3 inches diameter. An air-vessel is placed in the outlet 
and inlet pipe near the cylinder to assist the easy working of the 
lift. The tanks for working these lifts are placed on top of the 
walls of the well-hole ; they are of cast-iron, and of sufficient capacity 
to contain one and a half days' supply. The waste water in most 
cases is received in a lower tank, and pumped up as required to the 
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top tank to keep up the supply ; this may be done by a small steam - 
pnmp of the single cylinder or dnplex type. By this means the cost 
of working the lift is represented by the small cost of pumping. 

These lifts for low-pressures are made with 8 inches, 9 inches, or 
10 inches ram ; they cannot be economically used unless a head of 
water of at least 50 to 60 feet is available. 



Htdbattuo Passengsb Lifts at the Ukdebobound Station of 

THE MSBSEY lUlLWAT AT LlVEBPOOL. 

These lifts are for the purpose of raising and lowering passengers 
from the level of the railway to the street. They were designed 
and made by Messrs. Easton and Anderson, Limited, London. 
Three lifts are employed at the James Street station; they are 
worked on the low-pressure system by the fall of water from a tank 
placed 120 feet above the level of the street, which gives an effective 
head of 176 * 5 feet above the waste-pipe from the lift. The lifts are 
on the direct-acting continuous ram system, the rams being made of 
steel tubes, 18 inches exterior diameter, i inch thick, and 76 feet 
4 inches stroke ; they are screwed together in lengths by interior 
thimbles 6 inches long,, with V threads, eight per inch. A 1^ inch 
diameter bolt passes from the top to the bottom of the rams for extra 
security, in addition to the bolts which hold the rams at the top to the 
cage. The cylinders in which the rams work are 21 inches internal 
diameter, and 1^ inch thick; they are formed of cast iron flanged 
pipes in 12 feet lengths with faced joints, and are held together by 
sixteen l^inch diameter bolts and nuts. At the top the cylinders are 
bolted to a bored head, which is recessed for a leather collar, at the 
lower part of which a base-plate is provided, and which is bolted to 
the foxmdations. The ascending rooms, or cages, are 19 feet 6 inches 
by 16 feet 6 inches, and 10 feet high; each room has an area of 
165 square feet, they are lined with panelled teak, they are each 
capable of carrying one hundred passengers. The lift shafts are 
21 feet by 19 feet, partly excavated in solid red sandstone, and 
partly enclosed in walls built in Portland cement. 

The cages are attached to the top of the rams by steel bosses 
having radial arms forged out of the solid, the ram is secured to the 
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boss by four 1^ inch diameter turned bolts and nuts. At the lower 
part of the cage, two powerful wrought-iron girders are provided ; 
the boss and cross-arms are attached to each of these girders. On 
top of the girders eight wood joists, 10^ inches deep, are bolted, and 
on these the 1^ inch teak floors of the cages are carried. The 
girders project at each side beyond the cage, and to their ends the 
counter-balance chains are attached. Four rubbing V gun-metal 
guides are bolted to the top and bottom of the cage, two being fixed 
at each side. The cages are each guided by four y-hcei steel bars 
or rails in 15 feet lengths, which are attached to wood brackets 
standing out from the walk into which they are built. There are 
two counter-balance weights to each lift, and four points at which 
the chains are attached to the cages. The chains are IJ inch 
diameter, and weigh 13*3 lbs. per foot. Each of the counter- 
balances weighs 7,620 lbs. The yalye-boxes are fitted with slide- 
valves, and are provided with the usual starting and stopping gear. 

The supply tanks, placed on the top of the building, are equal to 
a capacity of 10,000 gallons, the water-pressure on the ram is 76 lbs. 
per square inch. When the tank is full it afibrds a storage capacity 
for twelve journeys. The water is pumped up by three duplex 
pumping-engines, designed and made by Messrs. Easton and Anderson, 
Limited, each engine works two pumps, and- by the automatic action 
attached run taat or slow, according to the requirements of the work 
The steam cylinders are 11 inches diameter, and 20 inches stroke. 
The pumps are double-acting, 7j^ inches diameter, and the same 
stroke as the cylinders. Each of the engines is capable of pumping 
up from the lower to the upper tank 30,000 gallons of water per 
hour. The steam is supplied by three 6 feet 6 inches diameter and 
11 feet long boilers, of the marine return-flue type, having 3 inch 
diameter tubes. All the pumping machinery is placed 27 feet below 
the upper booking hall of the station. 

The supply-pipe to each lift is 7 inches diameter. The speed 
of the lifts is 120 feet per minute, or about thirty-eight seconds from 
the lowest to the highest level. 
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Shobt-Stroke Bau Lifts (Drawing No. 39) 

Are made in much the same way as the above, except that the cage 
is dispensed with, and a table or platform is attached to the head of the 
ram. Two iron guide bars are fixed at the sides, and mbbing guides 
to the table. It is advisable in most cases to fix counter-balances 
to take the weight of the table and part of ram. The wells, 
cylinders, &c., are as before. The valve arrangement is similar to 
the other lifts, but smaller as to the pipes, &c. Self-acting stopping 
gear is provided to stop the lift at the highest and lowest points. 

This class of lift is very suitable for banks or any place where 
valuables have to be stored. The entrance in this case to the safe 
or strong room is by the lift only ; the top plate of the table is made 
of wrought iron, and fits into an iron frame at the top floor, similar 
to a safe door ; a patent lock, throwing out eight bolts into this iron 
frame, is fitted to the under side of the plate ; the pressure is left on 
the ram all night, the gear for regulating this being shut up in a 
recess, and fitted with an iron safe door and patent locks. Where 
heavy safes containing documents for daily or hourly reference are 
required, the safes are fitted with wheels and run on rails on top of 
the lift table ; rails are also laid in the vault or strong room, by 
which means the safe is run off into an inner strong room if 
required ; the lift then rises, and brings down any others, and the 
books, specie, &c. 

Shobt-Bibokb Bam Lift (Drawing No. 40). 

The general details of this lift as to ram, cylinder, &c., are the 
same as the last named. The guides are fixed at the haek, to enable 
the table to rise above the level of floor or street at the top, so as to 
allow casks or other goods to be rolled off at the level of the carts. A 
Uft of this kind is very suitable for a brewery or wine cellar, where 
the table rises to the level of the public way, and where no fixings 
for guides can be obtained at the front side of the lift at this level. 
There are many other modifications of this kind of lift suitable to 
special requirements, but as they are seldom used, further detail is 
not necessary. The great advantage of lifts (as Drawings Nos. 39 

F 
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and 40) are perfect safety, noiseless action, and total freedom from 
vibration ; the speed is also under absolute control, and they cannot 
be overloaded. The wear and tear is very small, even when the 
work is constant. The cost of water is not a large item, and is 
hardly worth taking into account, considering the saving of labour. 
All the parts are simple and free from complication, and there is 
nothing likely to get out of order. 

The friction of " ram lifts " is small, especially when the leather 
collars are well fitted. When well designed and properly constructed 
it does not exceed 5 per cent. Packed glands of any kind are to be 
avoided; friction is much increased by their use. The lubricant 
used should be good sperm or mineral oil — vegetable or lard oil 
should never be used — and the ram must be kept very clean. 



Short-Stroke Cylinder Lifts (Drawing No. 41). 

These lifts are very suitable for raising goods, coals, luggage, 
food, and other light goods. The most simple plan of construction 
is an open top vertical cylinder fitted with piston, having a rack 
attached to the top side ; this rack gears into an iron pinion, and by 
means of a train of wheels, rotary motion is given to a drum, and 
the requisite amount of rope or chain is coiled. The stroke of the 
cylinder, and the number and proportion of the wheels, are regulated 
by the height to be lifted. However carefully made, there is much 
friction in this class of lift, and a good margin must be allowed to 
ensure sufficient power and to spare to do the work. The bucket or 
piston should be fitted with two leathers ; hemp or metallic packing 
cause more friction. All the teeth of the wheels should be pitched 
and trimmed ; the back and sides of the rack should be planed, and 
work against a turned friction wheel fixed at top of the cylinder to 
form a guide ; the working pinion should be provided with shrouds 
turned on the edges, which also rub on the faced front edges of the 
rack. Great care should be taken that all the work is perfectly true 
and of the best kind, otherwise much power will be lost by undue 
friction. In well-constructed machinery the friction may be taken 
at about 25 per cent. To provide a margin, it is advisable to allow 
even more than this. 
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Shori-strohe cylinders with chains and movable pulleys (see Drawing 
No. 6) are also sometimes used, and especially where the working 
cylinders must be placed horizontally. More friction takes place 
with this kind of gear than the one aboye described, bnt it may be 
materially reduced by attention to the quality of the work and 
proportion of the parts. 

The cages are made in much the same manner as those for high- 
pressure lifts, except that all the parts can be much lighter. Gear 
rods or ropes pass up the lift hole, to enable the lift to be worked from 
any floor. Counter-balances are fitted to these lifts ; they are made 
fiat in shape, with planed grooves to run in two L-iron guide-bars. 
The weight of the balances is less than the cage, to give sufficient 
power for the cage to fall, when empty, by its own gravity, and keep 
the ropes taut on the drums. Self-acting stopping and safety gear 
is also provided to prevent accidents. Wire rope is the best to use 
for raising the goods. In some cases two ropes are used, working 
upon separate drums; if one rope breaks, the other is able to 
take the load safely, and so avoids accident to the cage and its 
contents. 

Lifts of this kind are very suitable for private houses, to carry 
up food from the kitchens; also coals, &c., to the various fioors. 
The cost of water is not a large item, considering the great saving 
in labour and time effected. They are not liable to get out of repair, 
and are easily worked. The speed can be regulated, load controlled, 
and the attendant cannot either work the lift more rapidly or take 
more than the maximvm weight. 



Pabcbls Lift. 

Drawing No. 42 shows a very useful application of Brotherhood'^ 
three-cylinder hydraulic engine to small lifts, introduced by Mr. 
E. B. Ellington. The engine is reversible, and carries a grooved 
pulley, round which is passed a rope, attached at both ends to the 
lift boxes, and having an adjustment for keeping the ropes taut; 
One box ascends while the other descends, thus effecting a great 
saving in time and power. The boxes can be worked by hand, by 

F 2 
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means of a second rope passed oyer the head sheave* A high speed 
can be obtained; the lifts are quite silent, and easily controlled. 
The cages or boxes may be made entirely of wood ; the gnides may 
be wood or L-iron, fixed to the framing; The lifting medium may 
be either hemp or wire rope. The construction is so simple that the 
drawing fully explains, without any further description. 



BnoTHEBHOon's Patent Thbee-Gylinbeb HtDRAULio Enoinb. 

Brotherhood's three-cylinder hydraulic engine is a great improve- 
ment upon the ordinary Armstrong type of oscillating cylinders. A 
really reliable hydraulic engine was much wanted, and as Mr. 
Brotherhood's has stood the test of many years* constant work, he is 
to be congratulated on his success. The working parts consist only 
of the three pistons and connecting rods, one cranky and one rotating 
balanced valve and spindle which fits into the driver, and is turned 
direct from the crank pin. There are no glands, stuffing-boxes, or 
oscillating joints, and the wear of all the parts is taken up auto- 
matically, so that nothing has to be tightened up. The engine is 
made reversible if required, simply by a modification of the engine 
valve and the addition of a controlling valve to alter the direction of 
the flow of water into and out of the engine. Mr. E. B. Ellington 
has effected some useful improvements in these valves, by which 
certainty of action is secured. The working parts are all protected ; 
the engine occupies very little space, and will work up to 200 revo- 
lutions per minute. 

These engines have been adopted for lifts and hoists, and for 
working the hauling gear for sliding eaissanSy and for controlling the 
sluices in the extension at Her Majesty's Dockyard, Chatham, and 
for other like purposes. 

Low-FBBSSTTBB Hybbattlio Poweb cau also be employed for 
organ-pumping, working small engines, turning (small) lathes and 
other machines, and to a variety of purposes too numerous to detail 
here. The author is of opinion that the application of this power is 
still in its infancy, and if water companies would be more liberal in 
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their arrangements ^ith regard to the use of water direct from the 
mains, engineers would turn their attention to the design of many 
kinds of apparatus where water power of low pressure could be usefully 
employed — this more especially refers to machines for domestic use, 
and in large establishments, where saving of time and labour are so 
essential. The great advantage of self-acting water power apparatus 
of this class is — there is no necessity for a steam boiler ; the con- 
sequent dirt q^d trouble, as well as expense of fuel, &c., for working, 
is saved; and the apparatus not only works silently and without 
vibration to the surrounding building, but is more easily controlled 
than any other class of machine. At no very distant day, all houses 
of any size will not be considered complete unless fitted with 
machinery of this kind. The particular attention of architects is 
therefore drawn to this subject, and the Author trusts he has made 
the matter sufficiently clear to be of practical use to them. 

With regard to lifts worked on this system, there are many 
modifications made to suit special circumstances ; the general design 
does not, however, differ sufficiently to require description in detail. 
The Author ventures to advise architects and other users to bear 
in mind that hydraulic machinery of all kinds must not only be 
well designed, but well made ; the unfortunate struggle after cheap- 
ness has induced too many, to their regret, to adopt poor machines, 
which not only always give trouble, but in the end cost more on 
account of the frequent repairs necessary. 
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PART II. 



HYDEAULIC PEESSING MACHINEET. 



••^^ 



CHAPTEBL 



HTDRAULia PBB88ES. 



Htdraulio Pbesses being bo much used for pressing varions des- 
criptions of goods and materials, the Author proposes to describe 
their practical application to various purposes. As most of the 
presses are on the same general principles, he commences with the 
description of one suitable for most kinds of work ; it is an average 
size as to the diameter and stroke of the ram, and with some minor 
alterations can easily be made suitable for many purposes ; in cases 
where the working pressure is less, the thickness of the cylinder may 
be reduced, as well as the strength of the other parts. 

10-Inoh Hydbaxjlio Pbess, fob 3 Tons peb Squabe Ikch 

(Drawing No. 43). 

This consists of a ram 10 inches in diameter, the stroke 
varying from 1 foot 6 inches to 7 feet 6 inches, according to 
the sort of goods to be pressed. The cylinder is 5^ inches 
thick, and is cast with a round bottom; it is bored out for 
24 inches in depth from the top, and at 6 inches (from the 
top) has a recess in which is sunk a f) leather collar. The 
pressure of water coming upon the thin edge forces it against 
the ram, and so prevents leakage. The cylinder rests on a cast* 
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iron base, having a hole in the centre ; this casting has four holes 
for the columns at the outer edges, the head is cast off the same 
pattern, the hole in the centre being filled up. The columns sup- 
porting the head should be of best scrap wrought-iron, 3^ inches 
in diameter, with double collars forged on at each end ; these slip 
into recesses in the head and base, and have plates fitted over them 
and secured by bolts to keep them in position. The whole strain 
is taken on the collars, which should be forged solid, and turned 
between the shoulders; the head and base are also faced at these 
points, to ensure a perfectly even bearing, the collars also being 
turned where they seat. The table is about 4 feet 6 inches to 
5 feet by 3 feet 6 inches to 4 feet wide ; the top is planed, and the 
bottom has a bored boss, in which the top of the ram fits ; the table 
is not bolted to the ram, and in case of fracture can be renewed at 
much less expense. The base should rest upon a timber frame, 
bedded on a brickwork or concrete foundation, the cylinder hanging 
free in the middle ; it must not touch any part of the foundation at 
the bottont The metal of which the cylinders and the rams are 
cast must be very tough, and specially selected for the purpose; 
each must be cast with a head or runner, and the metal run vertically ; 
common iron is useless for the purpose. All the bearing parts of the 
table, head and base, should be machined to ensure even pressure 
at all parts. The leather collars must be of the best oil-dressed 
leather, carefully made, and put in by skilled people. When this 
has proper attention, the leathers will last for a long period without 
taking out or making any adjustment. 

Hyd/ravlic Pumps. — For a press of the above description, two 
force-pumps made of gun-metal or phosphor-bronze are fixed on a 
cast-iron tank containing water or oil, one pump being f inch to 
1 inch diameter, and one 1^ inch or 2 inches diameter, with one 
valve box placed between the two pumps, provided with a loaded 
safety valve. Each pump has a strong wrought-iron lever working 
through guides, the usual plan being to have a casting in the 
shape of an arch; the centre has a bored boss, through which' 
the top of the plungers work, and one side slotted to form a guide 
for the lever to work in, and the other for a fulcrum. When 
worked by hand power, an extra lever, with a socket at the end, is 
fixed on to the lever of the small size pumps, to give the heavy 
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pressure. The pumps may be worked either by hand or steam power ; 
in the latter case, the best method is by eccentrics and rods, with 
pins to disconnect when required, and to throw out of gear. 

Such pumps are usually made to give a pressure of from 2 to 3 
tons per square inch ; if made of gun-metal, they should not be less 
than ^ inch thick. Phosphor-bronze is a very good metal for pumps, 
being tough, close, and as a rule both sound and free from blow- 
holes and other defects ; the thickness in this case may be | inch. 

Hydraitlio Cotton Presses. 

These presses in most of their details are much the same as the 
press before described ; they require, however, some special arrange- 
ments which are noted hereafter. They usually have rams 8 inches 
to 10 inches diameter, and 5 feet 6 inches to 7 feet stroke ; owing to 
the heavy shocks to which they are subjected, the cylinder and 
columns and other parts are made very strong. 

The cotton is put into a box made of wrought-iron from an upper 
floor ; this box is mounted on four wheels, and has doors at the side 
near the top to take out the cotton after pressing. When filled, it 
is run under the press, the ram and table rise and lift up a movable 
wrought-iron plate at the bottom, inside the press box, and thus 
press the cotton against the head of the press. When the requisite 
pressure is given, the top doors are opened, the bale is corded or 
fastened with iron bands, and is then pushed out. The ram and 
table then descend, and the box is run out on the rails at the floor 
level, and a duplicate box, which has been in the meantime filled, 
is run under the press head, when the game operation takes place. 

The size of thebaic when put into the press box is 4 feet by 2 feet 
6 inches by 6 feet to 7 feet high, according to the description of 
cotton ; after pressing it is about 18 inches thick, and weighs about 
400 lbs. The bales are pressed as close as possible to save freight and 
cost of carriage, as bulk and not dead weight is usually charged for. 

Pumpa to work presses are usually driven by steam power, and are 
1 inch and 2 inches diameter, or in large places a battery of pumps, 
say four 1 inch in diameter, and four 2 inches in diameter, are set 
in one tank and are worked either by cams or cranks. To run up 
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the press-head and take the first squeeze, the 2-inch pumps are used, 
and by means of trip-gear these are knocked off at a certain pressure, 
and the 1-inch pumps then finish. Self-acting valve gear shuts off 
the pressure from the presses when the maximum is obtained. 

For India, where the pumps are sometimes worked by a hand 
capstan, they are arranged in a battery and placed in a circle, com- 
mencing with 2^ inches to 2 inches, 1^ inch, 1 inch, and | inch in 
diameter. As the men walk round with the capstan bars, singing, 
as they usually do, each pump in rotation, by means of self-acting 
gear, is thrown out when a certain pressure has been reached. 
The natives like this method better than working pump levers — it 
does not appear to fatigue them so much; and the work progresses 
more rapidly with the former than with the latter plan. 

Wood Press Boxes are sometimes used. They are made 8 inches 
thick at the sides, and are well bound with iron. They are generally 
mounted on wheels, and have at the top doors to open in the same 
manner as the boxes made of iron plates. Boxes fixed to the press 
are not much used, on account of the loss of time in filling them, 
during which period the press must stand idle. Press boxes made of 
wood are very suitable in places where the freight and carriage of 
machinery are heavy, where timber is abundant and intelligent labour 
can be obtained ; there is not much pressure on the sides of the boxes. 

In large factories for pressing cotton, there are usually several 
hydraulic presses ; in this case, the pumps are worked by engine 
power either in batteries, the pumps being 1 inch* and 2 inches 
diameter, or by means of a Hydraulic Accumulator and pumps 
worked direct by a specially made pumping engine ; as a rule the 
engines are coupled, one of them working direct the 1-inch 
diameter pump, and the other the 2-inch pump. In large installa- 
tions, where four engines are worked at the same time, each of the 
pumps may be graduated in size, so as to commence the pressing 
with the large pumps, and finish with the smaller ones. In some 
instances differential accumulators are employed, the valves and 
connections to carry out such a system are of necessity of a rather 
elaborate nature, requiring too much space for any detailed descrip- 
tion. It may be noted the valves and boxes must be made of hard 
gun-metal or phosphor-bronze, and must be of the highest quality. 
Bellhouse's Patent Yalves are about the best for the purpose. 
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It is not intended to enter into mnch detail as to the design and 
arrangement of cotton pressing factories, as this mnst be placed in 
the hands of professional men, who are well versed in snch subjects. 
It is not a matter that inexperienced people can with advantage 
satisfactorily deal with. 

Linen and Manchesteb Goons Pbsss. 

There are nsuall j employed in a large Manchester warehouse from 
ten to twelve hydraulic presses ; the diameters of the rams vary from 
10 to 12 inches, and sometimes 14 inches ; the proportion used is 
generally about six 12 inches, four 10 inches, and two 14 inches ; in 
diameter. All the remarks which follow apply to a large plant of 
about this power, the author considering the details would be better 
understood by describing the actual working of such a plant, together 
with its principal dimensions. 

The sizes of the hydraulic presses are — rams, 10 inches, 12 inches, 
and 14 inches in diameter, and 4 feet 6 inches to 5 feet 6 inches 
stroke ; the tables, 6 feet by 3 feet 6 inches ; the columns, 4^ inches 
diameter ; the heads and bases, 3 feet by 7 feet by 20 inches deep at 
the columns, and about 24 inches at the centre of the ribs ; the 
height from the table to the under side of the head is 6 feet. The 
cylinders for 7 inches and 8 inches diameter and 4 inches thick; 
10 inches diameter, 5 inches thick ; 12 inches and 14 inches diameter, 
6 inches thick. The working pressure is from 2j^ to 2J tons per 
square inch, and in some cases as high as 3 tons. Such pressures, 
however, are not usually reached in ordinary working. 

From three to five presses are usually worked up at one time. The 
speed of the pump shafts is about 65 revolutions per minute ; the 
pressure pipes are wrought-iron and |-inch bore. The pressure of 
the steam in the boilers is varied from 45 lbs. to 60 lbs. per square 
inch, and when compound or triple expansion engines are used, up 
to 140 lbs. and above. 

The quantity packed by each 12-inch diameter press is from four 
to six bales per hour ; the presses are run up in two minutes, the 
average rise being about 4 feet ; the rest of the time is taken in 
packing, &c. The time for the 14-inch presses to run up is three 
minutes. Each press will pack about forty to forty-five bales in ten 
hours. More work can be done when the engines are more powerful. 
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The top of the table, and the heads of the presses, have strips of 
oak fixed on them, leaving spaces through which the iron bands are 
passed that are used to secure the bales after they have been pressed; 
the bands are riveted before the pressure is taken off the rams. 

Hydraulic Press Pvmpa. — The pumps for working this installation 
of hydraulic presses are six in number ; they are set on a tank or box, 
the plungers are 1^ inch in diameter by 3 inches stroke. The 
barrels and plungers, with the valve-boxes, are all made of gun- 
metal. They are worked by a crank or cam shaft of wrought-iron 
or steel, 3^ inches diameter, having 3j^-inch diameter crank pins. 
The bearings should be at least 4 inches to 4^ inches wide, and made 
of hard gun-metal, or phosphor-bronze. The crank shaft is carried 
by an entablature, with the bearings on the under side of same ; this 
is for the purpose of taking the thrust on the framing, and not on 
the caps of the bearings. The connecting rods to the plungers have 
knuckle joints, and are fitted with a steel plate " liner," which is set 
up by a key as wear takes place ; this is for the purpose of taking 
the thrust off the pins, and prevents knocking and noise. The rods 
should be If inch diameter at the ends, and 2^ inch diameter at 
the centres, and either made of wrought-iron or steel. The cross- 
heads of the same, which work on the crank pins, are made of gun- 
metal, the caps being strongly bolted, and fitted with check nuts 
and cross-pins. 

The pressure pipes are wrought-iron, and |-inch bore, and are 
connected by three 1-inch diameter main pipes to the presses. 
There are twelve plungers to each pipe. 

Each press requires twelve pumps to put on the pressure to 
1 ton per square inch ; six are then knocked off by self-acting trip 
gear, and are finished with six to the full pressure, which varies from 
50 to 55 cwt. per square inch. As a rule, this pressure is not 
exceeded, except in very special cases. Safety valves are provided, 
one to each set, and one to knock off part of each set when the 
heavy pressure comes on. These valves are fitted with carefully 
graduated levers, and are marked for the various pressures. 

The speed of the pump shafts is from 60 to 65 revolutions per 
minute ; some work as high as 70 ; it is not however advisable, as it 
increases the wear and tear of the gear, and, owing to the slip of 
the water, little is gained to compensate for the higher speed. 
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All the work mnst be of the highest class to stand the heavy 
shocks to which all the parts are subjected. 

Enoini&s fob WoBEiNa P0MP8 OF Pbbsses. — For a plant where 
twelve presses are worked, say, six 12-inch rams, four 10-inch, and 
two 14 inches in diameter, as above described, it requires six sets of 
pumps, with six in each battery, equal to a total of thirty-six pumps. 

Engines. — One pair coupled with cylinders, 20 inches in diameter, 
by 36-inch stroke. The speed 50 to 60 revolutions per minute. 
The pressure of steam from 50 to 60 lbs. per square inch, and about 
70 lbs. when the full work is on. Expansion gear is fitted to the 
engines to cut off the steam according to the amount of work to be 
done ; a governor to regulate the speed should also be provided, as 
the work varies very much. The steam is usually cut off at f of the 
stroke ; this, however, depends upon the work. The crank shaft is 
9 inches in diameter, and the bearings 12 inches wide ; they are made 
of hard gun-metal or phosphor-bronze, and are supplied with stron 
caps. One fly-wheel, 13 feet in diameter by 9i inches wide by 
12 inches deep, is common to the two engines. This wheel should be 
turned on the edges and the rim, and carefully balanced. 

Sufficient power is provided in the engines to work the cranes 
and hoists in the warehouse, either by steam or hydraulic power. 
For a plant of the size named there would be about four or five 
cranes and three hoists, each capable of raising 10 to 12 cwi, and 
probably one or two hydraulic passenger lifts in addition, capable of 
raising 10 cwt. each. 

Boilers. — Two of the Lancashire type, 6 feet 6 inches in 
diameter, by 24 feet long ; and two tubes each, 30 inches diameter. 
One boiler is sufficient to give the necessary steam ; the other is a 
spare one. The pressure of steam required varies with the work ; for 
three presses at one time, say 50 to 60 lbs. per square inch ; and 
five presses at full pressure of 2J^ tons per square inch, say 70 lbs. 
per square inch. The boilers are visually placed in a separate 
building, to reduce the risk from fire and so keep down the rates of 
insurance, which are usually very high in this class of warehouse, 
owing to the liability to fire and the great value of the goods 
stored therein. 

General Remarks, — ^When five presses are at work at the same 
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t ime, there are usually ten to twelve presses altogether, it being 
arranged that the extreme pressure can be taken with three or five 
presses ; while the bales are on, the other ones are being finished, 
and the rams run down, and tables reloaded. Very special arrange- 
ments require to be made in the pipes to take off the shocks to 
which they are subjected. The valves used for putting on the 
pressure must be of gun-metal, and the type named at p. 73. 

Hydraulic Accumulators are also used, as before stated; the 
pressure in this case is more continuous, and much time can be saved 
by their use, as the pressure can be stored up by the engines and 
accumulators when the presses are not in use. This is a case where 
a differential accumulator can be applied and much power saved, by 
reducing the water used and the consequent cost of pumping. 



Special PuMPiNa Enoikes fob Hydbattlio Pbbsses. 

Engines and Pumps combined are in some cases used ; they are 
constructed on the following plan. The steam cylinders are 
placed horizontally, the engines coupled and fitted up in much the 
same way as those described for hydraulic crane work ; the pumps 
are worked direct from the piston rod, and vary in size and number 
according to the special requirements. In cases where these direct- 
acting engines are used, they only pump for the presses, and do not 
drive other work. The engines may either be high-pressure, non- 
condensing, or compound. 

Another plan is to attach a pair of steam cylinders to the battery 
of pumps, made as described at p. 75, the tank having a projection 
cast at each end to form a base plate for the cylinders, which are 
fixed outside the tank and entablature at either end. A throttle 
valve in the steam pipe is worked by special levers from the safety 
valve, to control the speed of the engines to suit the work to be done. 
The foundation for pumping apparatus of this kind must be made 
solid and good, and the bed plate well fixed to it, by long holding 
down bolts and plates. 

Vertical High-Presawre (Nan-Candeming) or Compound Engines. — 
These are direct-acting, the pumps being worked directly under each 
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of the steam cylinders ; they are used in places where space will not 
permit horizontal engines to be employed. This type of engine is 
the same as those described at p. 14 ; they are most efficient in action, 
and especially when made in the three-cylinder form. They are 
perfectly balanced, the pressure is giyen in a yery regnlar and steady 
manner, and quite free from shock or vibration. The engines are 
fitted with trip-gear to throw the pumps out when a certain pressure 
has been attained. Mr. E. B. Ellington, M. Inst. C.E., the Author 
belieyes, first introduced this form of engine for pumping for hydraulic 
purposes ; the Author had, for several years preyious to their intro- 
duction, considered it a perfect way of accomplishing such work. 

Worthinffton Pumping Engines. — The advantageous use of this 
type of engine, when applied to pumping for hydraulic cranes and 
hoists, &c., has been already alluded to on p. 12. They are equally 
applicable for pumping under the heavy pressures required for 
hydraulic presses. They possess many advantages, not only on 
account of their steady working, but also by their economy in the 
use of fuel as well as their steadiness in action, and the even and 
regular manner in which they perform their work. They are made 
by Messrs. James Simpson & Co., Limited, and cannot be too highly 
commended. 

Hat PsEssiNa. 

Hydraulic presses for this purpose are usually made with a rather 
long stroke ; they have to be specially arranged. Presses of different 
size are used thus : for bundling, the commencing press has a ram 
6 inches diameter, by 7 feet 6 inches stroke. Three or four trusses of 
hay are usually put into the press ; they measure about 6 feet high. 
When pressed one-half, the bundles are taken to a press with a 
10-inch diameter ram, of about 3 feet 6 inches stroke, to have the 
final pressure, which is usually 2^ tons to 3 tons per square inch. 
The thickness of the bale when finished is usually about 12 inches. 
The quantity that can be pressed by two men in twelve hours is 
about 3 tons, and with quick-running presses, 4 to 5 tons. One ton 
of hay (ship's measurement) varies from 110 to 180 cubic feet ; the 
10-inch press will bring it to 130 cubic feet ; hence^ a large saving 
in freight can be effected. 
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One set of pnmps^ 2 inches and 1 inch diameter, will work two 
presses, and requires an engine of 6 to 8 nominal HP. ; the power 
used depends upon the speed required in pressing. It often pays 
better to employ larger engines and pumps to turn the work out 
quicker. When this is done, the 2-inch pumps are used for three- 
quarters to seven-eighths of the rise of the ram, and a 1-inch or 
1^-inch to complete the pressing. This installation is about the 
average size for small establishments. The system can be extended 
and worked in the same manner as described for the linen presses at 
p. 74, or upon the system named in the next clause. 



Mr. E. J. Davis's Fatesti Plan. 

In this system small hydraulic presses are employed with 7-inch 
to 8-inch rams, by about 4 feet stroke. At the press-head are fixed 
two wrought-iron rails, on which two cast-iron boxes mounted on 
wheels run ; these press-boxes have a movable wrought-iron bottom, 
and doors at the top at each side. The boxes are loaded from 
hoppers placed on an upper floor, and are then run under the press- 
head ; the ram and table rises, carrying up the loose bottom plate, 
and pressing the hay between it and a top plate which is put into 
the box after it is filled. When the full pressure is taken, the top 
doors are opened, and two wrought-iron clips put on each side of the 
bale, which is thus clipped or held between the two wrought-iron 
plates. The bales of hay are then taken away on an iron truck to 
an oven, where they are heated, and the elasticity taken out ; after 
this is accomplished, the iron plates can be removed, and the bales 
tied with cords. The size of the bale is regulated for a feed of a 
horse or other animal for a certain time ; much economy is effected 
by this plan, as a large loss usually takes place when the larger bales 
before described are used, on account of their size, and also being 
elastic; directly the iron bands are cut, the hay expands to nearly 
its original size, and if all the bale is not wanted for immediate use, 
it gets scattered or spoilt* 

So rapid is this process that the Author has known each ptess to 
be run up two hundred times in ten to twelve hours. The pumps in 
this case are all 2 inches diameter ; they are worked by a powerful 
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enginOi which becomes necessary when such a high speed of work 
is required. The contracts are often taken for the greatest quantity 
that can be shipped in a certain time. In such cases no other 
system can compete with this. 

Another advantage of this plan is that oats, beans, bran, &c., 
can be mixed in the bale, and will keep perfectly sweet for years. 
The Author, some years since, saw a bale that had been pressed, 
sent to sea, returned and opened in his presence seven years after 
it had been pressed. The interior smelled like new hay; and, 
although it had been much exposed to the atmosphere, was not 
in any way deteriorated. 

When pressing on this rapid plan, the pipes must be well 
provided with safety and relief valves, to avoid shocks both on the 
presses and pipes. The engine should be provided with a sensitive 
governor to shut off the steam when no pressure is being taken from 
the pipes by any of the presses. An automatic arrangement is also 
connected with the suction valves of the pumps, to throw them out of 
gear when a certain pressure has been attained. 

This is a case where an Accumulator could be applied with 
much advantage, on account of the storage of power and the direct 
control applied to the engine valve to suit the various requirements 
of the work. It would be advisable to have two Accumulators — one 
for heavy pressures and one for light ; the latter, say, 1 ton to the 
square inch, and the former 3 tons per square inch, and by two lines 
of pipes and the necessary valves, the two presses could be used at 
pleasure. 

All the work for this system requires to be very strong, as 
in working, the shocks to the machinery are of a very heavy 
character; and unless everything is of the highest class, frequent 
fractures take place, involving not only heavy expenses for repairs, 
but much loss of time, which in this kind of work is of very 
serious moment. 

The perfecting of hay-pressing machinery, especially on this plan, 
is due to Mr. E. J. Davis (the patentee of the process described), who 
has carried out this class of business not only on the most extensive 
scale, but with very great success. 



OIL PRESSES. 81 



Oil^Pbesses. 

The presses used for this purpose usually haye rams 12 inches 
diameter and from 12 to 18 inches stroke. The height from the hase 
to the head is 4 feet; there are four 3|-inch diameter collared 
wrought-iron columns fitted to the head and hase as before described. 
The tables for pressing are four in number; each resting upon steel 
pins screwed into the columns. 

The columns are placed at about 22 by 22 inches centres. The 
head and base are 12 to 14 inches deep on the outer edge, and at 
the ribs in the centre 15 to 16 inches deep. 

Each of the tables is planed at the top and the bottom, and 
provided with raised rims all round, with an interior sunk channel 
to receive the oil. These channels have a fall to one corner, at 
which point a small copper pipe conducts the oil from each table to 
a receiver which is placed below. 

In the case of linseed, the meal is put into bags and then placed 
in a stove ; when the bags are sufficiently heated they are packed on 
each press table, and the pressure gradually put on. When the re- 
quired maximum is obtained, self-acting apparatus throws the pumps 
out of gear, the bags are removed, and the dry cake taken out. 

The quantity turned out is about 40 owt. of cake and 10 cwt. of 
oil in eleven or twelve hours ; more can be done where a rapid style 
of pressing is employed ; it is not, however, liked so much as the 
more gradual work, which is considered to extract the oil more 
thoroughly, and in the result is, in the Author's opinion, the most 
economical method of working. 

The pressure pumps are of the usual character ; oil is used in 
them in lieu of water. The pressure is about 3 tons per square inch, 
and a total pressure of about 340 tons for a 12-inch ram. For 
ordinary work this pressure is rarely exceeded. 

The column and some parts of the press are made bright ; this 
enables the man to keep them clean, and saves waste of oil. 
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Pbessbs fob Steabike and fob uee Matebulb. 

These are constructed in much the same manner as described at 
p. 70. The material to be pressed is placed in bags and piled up to 
the press-head. The table has a channel for receiving the liquid 
extracted, and is fitted with a pipe to run off into the receiver below. 
The rams are 10 inches to 12 inches in diameter, and 6 feet stroke. 
The presses are usually enclosed in a chamber, to which steam heat 
is applied, and are closed up until the time when the maximum 
pressure has been given. The dry substance is then taken out of 
the bags, and the presses loaded again. In large places there are 
usually four to six, and sometimes more, presses in the chamber. 
The pressure varies with the material ; it is generally 2^ tons to 
3 tons per square inch. The same remarks as to pumps, &c., 
apply in this case as for the oil presses ; the pressure must be put 
on gradually, and at about the same speed as for oil. 



SuaAB-Souic Pbesses. 

The presses used for this purpose have rams 10 inches in 
diameter, by 2 feet 6 inches stroke. The details of the ram, 
cylinder, &c., are the same as an ordinary press, described at p. 70 ; 
the following special construction is added : — 

To the head of the press is attached a square piston. The table 
carries a cast-iron press-box, mounted on four wheels ; the thickness 
of metal is 2 inches at the sides and 3 inches at the bottom. On 
the inside of this box ribs are cast, and against these ribs four 
independent copper plates rest ; these are drilled with small holes. 
The sugar or scum to be pressed is placed in canvas bags in the box, 
which is then run on the table; the ram and table carry up the 
box against the square piston at top, which presses the goods, the 
sugar liquor going into the annular space between the box and 
the copper plates; a cock and pipe allow the contents to be run 
away into a receiver at the base of the press. The box when lowered 
is run out on to the rails, and the bags taken out. The distance 
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between the wheels of the press-box is sufficient to allow the press- 
table to bear on the hoUom of the box and not on the wheels; the 
top of the table is grooved for a passage for the wheels to rnn in. 

Theptimps are nsnally worked by hand, and are 1 inch and 2 inches 
in diameter, they are fixed on a tank containing water. The pressure 
nsed is 3 tons per square inch. At the time the pressing is required 
to be done there is plenty of hand-labour ayailable, and as at this 
period it cannot be otherwise employed, it is more economical to 

work the pumps by hand than by steam power. This is partly on 
account of the necessary position of the press with regard to the 

other plant, and the time of the day most suitable for carrying out 

this process. 

Hop Pbessbb fob Bbewbbies. 

The spent hops are pressed in hydraulic presses in the same way 
as aboye, except that the press-box is made with movable sides, to 
enable the cake to be readily taken out when pressed. The details 
of these presses, in other respects, do not materially differ from the 
sugar-presses, except in some minor details not of sufficient im- 
portance to describe. 

Hops may also be pressed in movable boxes, on the same plan as 
cotton, two boxes being used to save time. The following is a 
description of presses and pumps made by Messrs. Thornewill and 
Warham, and at work at Messrs. Bass and Go.'s and Messrs. Salt and 
Co.'s, at Burton-on-Trent. The cylinders are 12 inches in diameter, 
by 4 feet to 5 feet stroke; the pistons are packed with cup leathers. 
The pressure pumps are made in two sizes — the large ones to lift the 
piston quickly after the hops have been pressed, at the same time 
lifting a series of weights attached to the piston-rod. When the 
piston is at the top of the cylinder, and the box is filled with hops, 
a valve is opened, which makes a communication between the top 
and bottom of the piston ; the weights then bring the piston down 
quickly, and the small pumps are brought into use to obtain the 
required pressure. The boxes travel on rails; the sides are made 
slighUy tapering, so that the pressed hops can be easily removed. 
In large breweries several of these presses are used at the same time, 
the pressure is given by hydraulic pumps worked by engine power. 

a 2 
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Improved Hydraulie Hop-Press. — ^This was designed by the 
Author ; it is constructed in the following manner : — 

The cylinder is 10 inches diameter inside, and 4 inches thick ; 
the top part is bored, and fitted with a leather packing in the usual 
manner. It is cast with a head, or thick flange, which is turned on 
the under side, and also for a short distance in the barrel. The 
cylinder rests upon the base-plate, named hereafter, which is bored 
and faced on the top to receive it. The ram is 9 inches diameter, 
with a stroke of 3 feet; it is shouldered down to form a pin; 
the table rests on the ram, bearing against a centre boss ; a hole is 
bored in the centre to form a recess to receive the pin. The top of 
the table is planed, it is 8 inches thick, and is strengthened by eight 
ribs on the under side, 1| inch thick. The base of the press is 
9^ inches deep at the outer part, and 10 inches at the centre ; it has 
a hole cast through the centre boss, the upper part of which is 
bored out. 

The head is a counterpart of the table, except that it is cast 
without any hole in the centre; it is planed on the under side. 
The columns supporting the head are of steel, 3^ inches diameter, 
and are provided with double solid collars, which are forged on 
them ; they are turned all over, also the part of the columns between 
the collars, which are sunk into the recesses in the head and base. 
The table and head have recesses cast in them, with cover plates, 
and are fitted in the same way as described at p. 71. At 3 feet 
1 inch above the top of the table, two rail bars of steel are fixed to 
the columns on either side ; they are turned up into a curved shape at 
one end to act as stops ; these are for the iron press-boxes to run on. 

There are two portable cast-iron boxes, each being provided with 
four flanged tram- wheels. Each box at the top part is fitted with a 
hinged door at both ends ; this is for the purpose of taking out the 
cake after the hops have been pressed. At the bottom of the box a 
loose plate of steel is provided ; this rests upon a fillet, which rtms 
all round the sides of the box. 

The method of working the press is this : the two movable boxes 
run on rails ; they are placed at a level convenient to fill them from 
the hop-backs ; the spent hops are thrown from the backs into hoppers 
and shoots, both being made of copper plate ; when the first box is 
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filled it is rtin on railSi which^ are in connection with those attached 
to the press, directly oyer the table of the ram ; the pressure is then 
put on, and as the ram rises the hops are compressed, and the beer 
runs out at the holes provided in the sides of the box into proper 
copper channels and receivers. The top doors are then opened and 
the dry cake pushed out. The empty box is then nin out, and the 
other box, which has been in the meantime filled, run in, and so no 
loss of time takes place. The pressure pnmps are the same in 
detail, and are worked by engine-power in much the same manner 
as described for other purposes. In large breweries several presses 
are required ; they are arranged at levels, and in positions to suit 
the different hop-backs. 

The Author's system can be applied for pressing other materials. 



DnuGs AND Essence Pbesses. 

For drugs, the ordinary hydraulic press is used ; and for essences, 
a press with ram 6 inches in diameter by 12 to 18 inches stroke ; 
the press-box is made of gun-metal, and is tinned inside. In 
addition to this, the table has a sunk channel all round it, to 
prevent any loss of the liquid expressed. Where the drugs are 
delicate, the top of the table is feiced with gun-metal and is also tinned. 
One pump, 1 inch in diameter, is fixed on a circular tank containing 
water or oil ; it is worked by a hand lever. The pressure is about 
1 ton to 1^ ton per square inch. 

The general details of the press are much the same as before 
described, except that for small presses two columns may be used in 
lieu of four ; they are usually turned, and made bright. 



Hat Maezng. 

Hydraulic presses are used for making low-crowned felt hats ; it 
is a very ingenious application of the power. The hat is placed in 
an iron mould, which is carefully filed and got up to the exact shape 
required. A top plunger shape, also filed and got up to a perfect 
shape, is then brought down to the rim of the hat, leaving a space 
in which is an india-rubber bag; the hydraulic pressure is let into 
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the bag, and an even pressure is thus given to the material. When 
the hat comes out of the press the shape is perfect. 

An accumulator, with a ram 6 inches in diameter and 4 feet 
stroke, will work ten of these presses. The pressure required is 
150 to 160 lbs. per square inch. The pumps to give the pressure 
can be worked by the general engine ; the distance from the same 
to the presses is not a matter of much moment. In addition to the 
accumulator, it is advisable to have a good-sized air vessel, to ensure 
steady and even pressure. To keep this properly charged with air, 
see the former remarks on this subject, under the head of Hydraulic 
Lifts. This same kind of apparatus is applied in various other cases, 
the details of which vary according to special circumstances. 



Genebaii Bemabks on Htdbauuo Pressing Maohinebt. 

Gylinders and Ba/nis. — Where very heavy pressure is to be 
employed, cast-steel cylinders are now adopted with much advantage ; 
they are, as a rule, absolutely sound, and not porous like cast iron. 
They are of necessity rather costly, but where the work is heavy, 
and taking into account the cost of an occasional fracture with a 
cast-iron cylinder, it pays to use steel. Messrs. Hadfield & Co., of 
Sheffield, have given much attention to this matter, and have 
been most successful in the production of sound steel cylinders of 
10 inches diameter and up to 8 feet long. When the first edition 
of this book was published, only cylinders of short length could 
be successfully produced. The Author is glad to mention this work 
done by Messrs. Hadfield and Co., as it has proved a great boon to 
makers of hydraulic machinery during the last few years. 

In casting Gylinders and Bams the metal should always be run 
vertically, and great care taken to get off the air and gases, to 
ensure a solid and good casting. Only a selected description of 
metal should be used, the moulds carefully dried, and the tempera- 
ture to run the metal should have particular care. It is necessary 
to leave the castings in the sand for some time to anneal them, and 
uncover them gradually. One great cause of unsound castings is 
leaving the mixture of metal, and the proper time to run it, to 
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ignorant workmen, when it really requires the most skilful and careful 
attention from the chief of a firm or their manager. In the Author's 
opinion, most of the unsound castings made may be traced to this 
cause. 

Press Pvmps. — ^The best metal to make them of is bell-metal or 
phosphor bronze ; the various parts of the casting should be care- 
fully proportioned, to prevent unequal contraction when cooling in 
the sand ; all castings should be carefully annealed. Much care is 
required in fitting the cup leathers, as weU as seeing that the 
recesses to receive them are the proper shape and dimensions. 

Pressure Pipes. — The best are Perkin's high-pressure wrought- 
iron pipes; the threads must all be cut in a lathe, and all the 
various junctions and caps, &c., must be of hard, close gun-metal, 
most carefully fitted. At the junctions with the valve boxes and 
the hydraulic cylinder, discs of leather must be used to make the 
joints. 

Water Tanks for Pumps. — These must be kept clean and 
perfectly free from dirt and grit ; they should be closely covered, 
frequently emptied, cleaned out, and the water renewed. Oil is 
preferable to water for use when the goods to be pressed will 
not be injured if a small leakage takes place. 

Valves far Hydraulie Pressu/remuBt be made of the best materials 
and workmanship, and should always be in solid gun-metal. There 
are several patented, most of which answer the purpose well. It 
must be borne in mind that this is a very important matter, as, if 
leakage takes place, there is much loss of power, especially at the 
higher pressures, and where there are many presses, involving 
many joints and junctions in the pipes which carry the pressure. 

Safety Valves and Belief Valves. — Great care must be taken to 
ensure instant relief to the pipes in case of any undue sudden 
pressure, and that the suction valves of the pumps are thrown out 
of action when the maximum pressure is obtained. Safety valves 
should be placed at various points on the pressure pipes, especially 
where they turn or run in a different direction, to ensure that the 
extra pressure in the pipes at any point finds relief as near the same 
as possible, added to which, if one safety valve should stick, one of 
the others is sure to act. These safety valves should be made with 
knife-edges, working on flat faces ; or, if the valve is made conical, 
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the seat should be narrow. When the valves and seats are made as 
above, they are very sensitive, and more likely to give instant relief 
to the pipes in case of any nnnsual or violent shock. 

Leathers. — The fj shape for the rams, and J^ (hat) shape for the 
pressure pumps should be made of the best oil-dressed leather, cut 
out of the middle of the back of the hide, and dressed down to an 
even thickness before commencing the pressing. The leathers are 
pressed in cast-iron moulds ; the pressure should be gradually put on, 
and the leathers left several days in the presses to harden. Inferior 
leather is useless for the purpose, and will not stand any wear. 
When they are well made, of the best materials, and carefully put 
in, they last a long time — ^in hard-worked presses two years and 
upwards, and those used less often for several years. If, however, 
they are put in by ignorant people, and dirty water is used in the 
presses, they do not last long ; this is very false economy, shown not 
only in the destruction of the leather, but in the wear of the 
pumps and values. 

Steam Power Pumps, &c. — The engine power should be ample ; 
variable expansion gear should be provided to accommodate the 
varying work that may be required. In all cases double cylinder or 
coupled engines are necessary, as they are more easily controlled, 
and can be started at any point of the stroke. Where the presses 
are worked by an accumulator, the same controlling apparatus is 
used as described for the cranes, except that more pumps are 
attached to the engines, to suit the heavy and light pressures. 

Fowddations. — As before stated, at p. 71, the cylinders should 
hang free in the pit ; the base of presses should rest on timber, 
on a brickwork or concrete foundation. On no account should the 
cylinder touch the sides or the bottom of the foundation, or be 
grouted in with liquid cement. 
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OHAPTEB n. 



HYDRATTUO WOBKSHOP UIOHINEBY. 



To a very limited extent the application of water power to punching 
and other machines dates back some years. To Mr. K H. Tweddell 
mnsty however, be awarded the merit of first bringing the system 
into practical nse upon a large scale, for riveting in the first 
place, and later on by the introduction of his patent machinery to 
hydraulic machine tools generally. This application of hydraulic 
pressure, however, to portable machines, that is to say, those which 
can be taken to the work, instead of having to bring the work to 
the machines, constitutes the most original and interesting branch 
of Mr. Tweddell's system, yet the first successful introduction was 
due, so far as riveting machines are concerned — 

First. To the employment of a very high pressure of water, 
namely, from 1500 to 2000 lbs. per square inch, which reduces the 
sizes of all motive parts, and, consequently, the weights — some of 
these machines, although exerting a pressure of many tons, only 
weighing a few pounds. 

Second. To the adoption, in certain cases, of a form of Accumulator 
which, so far as the stationary riveting machines especially are 
concerned, acts not only as a reservoir, but also as a means of greatly 
intensifying (for the moment) the above high static pressure ; and 
also allows the full static pressure to be maintained on the rivet-head 
as long as may be desired. It was to this general combination 
that the success of hydraidie riveting, on its first introduction, 
was due. 

Many of the largest boiler, girder, ship yards, and wagon 
building companies have been fitted up upon this system. The 
Author has seen it in action at several large places, and considers it 
most perfect machinery of its class, and far superior to a steam 
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power plant. The working is more economical than any other 
system, and the power better nnder control, while the freedom from 
vibration, and the saying in costly foundations, especially recommend 
it for practical nse. 

In this system on a large scale, no shafting or gearing is 
required to drive the machines ; the power is obtained by pumping 
water into an Accumulator, somewhat similar to those used for 
hydraulic cranes. The pressure from this is conveyed to the various 
machines by pipes in the usual way, the power being stored up in 
the Accumulator, ready at any moment for application. Machinery 
of this class is inexpensive to keep in repair — the wear and tear, 
owing to its entire cessation from movement when not doing useful 
work, being slight, much less wear takes place, and consequently the 
cost for maintenance is much reduced. 

All of the machines being self-contained, and many of them 
portable, they can be used in any part of the works, and their 
distance from the Accumulator is not of much consequence. The 
apparatus is thus very suitable for outdoor work, such as erecting 
heavy bridges, since all the apparatus can be made portable. A 
great saving of time and cost is effected in such cases, the work 
being infinitely better done than by the best hand work, it being 
well known that, in erecting work outside, hand work is often done 
under very great disadvantages. 



Agcumulatob. 

The pressure for riveting machines is in some cases obtained by 
pumping water into a Differential Accumulator ; this may either be 
done by a pumping engine similar to those described at p. 10 for 
hydraulic cranes, or by a set of pressure pumps driven by a strap 
from the shop shafting. This latter plan will often be the most 
convenient where a stationary engine is already in use for other 
purposes of the works. 

The pressure used is 1500 lbs. per square inch in this country, 
but in all machines used on Mr. Tweddell's system in America, the 
pressure employed is 2000 lbs. per square inch. 
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Tboe B linZe msc^ to doart. CnDsi tbe resells \>buir>ed in 
prmrtire, VsMt, in a ciKip iete liT>inid:c irorlshr^p^ oiihr »K>qi wii^ 
thiid to m ^[sarter of tbe boOer poir» irocld ln^ i^oiited as c^onpanei 
jaQk Uiai neeenaiy vbeie oidinaiy steuii or gaareil auielimi»j is 
aaed, and erai belts results when compared iriUi the ajraton of 
aeparaie steam cjlindeis attached to each machiae. The K\ss of 
Qsefid effsct between the pressure pomps and the ac«fMuuuIator has 
been shown by experiment not to exceed 3} to 4} per eent^ The 
loss hj frictiim in the aoenmnlator is only 1 per cent, and taking 
the txietiofa at the machines themselyes, which does not exceed 1 per 
eenl abo, we hare only 2 per cent, total loss from friction in the 
ntarhines 

The Power aibmbed by shafting has been shoim by experiments 
in a length of 1200 feet o^ say, 2} inches in diameter, irjt4 M ih$ 
$irap$ o^, to be aboat one horse-power indicated for eyery 100 feet 
of shafting. If to this is added the friction of the belts and the 
gearing of the Tarious machines, it will be seen the loss of power is 
much greater by shafting and gearing than in the direct application 
of hydranlic power transmitted from a distance through mains. 
Another interesting fact is that, in consequence of the motion of tho 
hydranlic machine being least when giving off the greatest pressure, 
the speed of the water in the main is at its slowest, and therefore the 
friction is least. 



92 HYDRAULIC PRESSING MACmNERY. 

In addition to the above considerations, the hydranlio system 
mnst be credited with all the economy obtained by the saving it 
effects in expensive roofs and walls^ required not so much for shelter 
as for carrying shafting and pnlleys ; the absence of all foundations ; 
and also the saving in head room, and the consequent greater facility 
of working cranes and travellers, owing to clear headway. There is 
again a great saving in shop floor room, and in boiler and ship yards 
where much riveting is done, the portable riveters, by enabling 
the work to be quickly turned out, make a small ground area as 
productive as a large one not so fitted. 



BivExma Maohines, Stationary. 

In these machines the closing pressure upon the rivets is capable 
of adjustment, according to the requirements of the work. The 
pressure brought to bear on the rivet combines the effect of a blow 
and also a steady squeeze or pressure, which pressure can be retained 
as long as desired. This property is also taken advantage of to lay 
the plates together before riveting, thus saving much heating and 
risk of burning the plates. From ten to fifteen rivets per minute 
can be closed in boiler work, and for girder work a considerably 
greater speed can be obtained. 

The force exerted varies from 5 to 150 tons closing pressure 
upon the rivet-heads. In practice it is found that 40 tons can do 
any work up to 1^-inch rivets in 1-inoh plates. Too high pressures 
are very apt to injure the plates. 

One of the latest forms of these machines is shown at Drawing 
No. 45. As will be seen, the cupping die is flush with the top of the 
cylinder, thus enabling the rivets in flanges and angle irons on flat 
surfaces, and the throats of locomotive fire boxes to be readily 
reached. In this case the cylinder and gear are all above ground, and 
the action is direct — a great point, if it can be managed. As a rule, 
the hob, or dolly, should be of steel or wrought iron, to allow of 
small flues being got over it for riveting. The stroke of the dies is 
such that if the rivet is too short, the full pressure is given to close 
it; if too long, no harm comes to the machine, and different 
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numbers of thicknesses of plate can also be riveted withont any 
special adjustment. 

Drawing No. 46 shows a very powerfal diass of stationary rivet- 
ing machine. It is similar in general design to that shown on 
Drawing No. 45. As the power of these machines has been so greatly 
increased, some means of lessening the consumption of water has 
become a matter of necessity. This is effected by means of a small 
auxiliary ram, worked by its own valve. This small ram is just 
powerful enough to move the main rams until they commence to 
close the plates and the rivets ; until this occurs the cylinders are 
filled by low-pressure water, drawn from the overhead tank, A. 
When they can no longer be pushed forward by the auxiliary ram 
the accumulator pressure is admitted in the usual way. The saving 
in high-pressure water is from 60 to 70 per cent. These large 
machines are also fitted with a patent plate-closing arrangement, 
that is to say, an additional ram is provided, carrying a special tool 
at B ; this slides over the cupping die, and closes the plates before 
the rivet itself is formed and headed in the usual way. 

The v^ue of .this addition is theoretically very important. But 
while many makers have followed this system as first introduced by 
Mr. Tweddell, some engineers question whether it does any better 
work than that done by his older machines, in which the closing of 
the plates was done by putting into the machine a flat-headed tool, 
and first running this round the seams, and by tightening up the 
bolts before riveting was commenced. 



POBTABLE BlVKTlNO MaOHINBS. 

These machines will close, say, 300 rivets from 1 inch to 1^ inch 
in diameter per hour ; they are very useful in the workshop, and can 
either be suspended from special cranes or can be hung temporarily 
from ordinary cranes over the work to be riveted. 

Drawing No. 47 shows the type of machine first patented by 
Hr. Tweddell, but with several recent additions in details ; it will be 
seen that it has two levers. The rivet is closed by causing the 
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cupping dies attached to the levers to be brought together. Either 
end of the lever may be used for riveting, the other end, of course, 
acting as the fulcrum. In this way two gaps are available — one, a 
short one, capable of closing large rivets ; the other doing propor- 
tionately smaller rivets at a greater gap. The pressure water is 
brought through the curved tube by which the machine is suspended. 
This combination of suspending gear and pipe is used in several 
forms ; it simplifies the tackle about the machine, and allows it to 
assume various positions without breaking any joints. It may here 
be observed that Mr. Tweddell has frequently acknowledged the 
valuable assistance he has received in designing machines on his 
system (especially for riveting purposes) from Mr. James Piatt and 
Mr. John Fielding, and indeed many of the later machines about 
to be described are jointly patented. 

Drawing 48 shows a portable riveter of the lever type. This 
possesses several advantages over the direct-acting type shown on 
Drawing No. 50, since, in the former, the working cylinder is kept 
away from the cupping dies ; this, of course, permits the cupping 
dies to close rivets which are inaccessible to the direct-acting 
cylinder machine. But on the other hand the direct-acting type 
was always more rigid, as theie were no levers or gudgeons to 
work loose. This defect was completely overcome by the use of a 
curved ram, working in a cylinder of the same form as shown on the 
machines, Drawing No. 48, the radius of ram and cylinder being 
struck from the centre gudgeon, B. This drawing also shows a 
form of compound hanger, which is applied to all classes of portable 
riveters, when a great variety of positions is necessary to close 
rivets in many different plates. 

Work done. — ^In bridge work, about 2000 rivets per day can be 
put in on straight girders; as many as 5000 rivets have, however, 
been put in by one machine in ten hours. 

In wagon work, riveting the frames of wagon bodies at works in 
Scotland, 2100 rivets have been closed per day by one portable 
riveter. 

Drawing No. 49 shows a machine designed for riveting locomo- 
tive fire-hole doors> angle-iron rings for marine and land boiler 
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frontB, fanui^Dt roigs mziti kttiee girdezsL T!ie m^et^ proper^ SL b 
connected to a eonpoimd Iian^r B and B^, and leing placed iniide 
a locomotiTe lire box, the man has nothing to do« when the fire hole 
is circnlar, bat tnm it zoiznd on the gndgeciu €, thus closing the 
riyetB in its circimiferaice consecntiTelT, and, if oral or square^ it 
can do them also with a Terj slight adfnstment <^ the lifting tackle. 
This machine;, being directnicting, can be made rery powerfol lor 
small gaps, and can close large rirets. 

One of Xr. Webb's angular fiie hde door rings is shown in dotted 
lines, with the rireter also dotted, shown as it appears when adjusted 
to riyet this class of wa^ 

In locomotire shops, as man j as ten rirets per minnte haie been 
put in foundation rings by these portable ziTeters, the rrreis being 
f inch in diameter and throng a total thichness of copper and steel 
of 3f inches. 

Drawing No. 50 shows another form of portable riyeter, suitable 
for boiler fines, bridge work, girders, tender tanks, and work where a 
long gap is desirable. Most of these machines range from 3 feet to 
8 feet, and are specially designed for lightness; otherwise their 
principle of working is the same as older types of fixed rireters. 

These machines can be suspended from orerhead trayellers, or a 
fixed crane, as shown at Drawing No. 51. The suspending gear is 
BO arranged that they can hang with their levers either in a yertical 
(as Olnstrated) or a horizontal position. 

The cnpping dies of these machines can also, when necessary, be 
made flnsh with the top of the cylinder (see Drawing No. 51, showing 
one snspended to a crane), in which case (as shown at Drawing 
No. 50), the cnpping dies, A B, can rivet angles, &c., on fiat snrfaces, 
without the onter radins of the cylinder, C, coming in the way. 

It is true that in Mr. Tweddell's first patent (see Drawing 
No. 47), the cylinder is out of the way also, but when the gaps come 
to be considerable, this form of machine, owing to its having two 
powers (and in consequence two gaps), becomes too bulky, and 
without sufficient compensating advantages. It is, then, better to 
dispense with this double action, and, by adopting another order of 
levers, sacrifice the use of the other end of the levers for riveting, 
and place the cylinder there (see Drawing No. 48). 
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There are many other different kinds of riveting machines made 
nnder Mr. TweddeU's system, bnt it is nnnecessary to particularize 
them, their number and variety only proving the applicability of 
hydranlio pressure to this class of machine tools. The appUcation of 
portable machines, however, would be comparatively limited were 
there not also sufficient means of taking or applying the machines to 
their work, so as to do away with manual labour in this work also. 
For this purpose hydraulic power is, perhaps, in its best field, and by 
the use of hydraulic lifts (which not only do the lifting and lowering 
but also serve to conduct the pressure to the tool), two purposes are 
served — first, the size, and consequently the capacity for work of the 
machine, is no longer limited by the weight which men can handle, 
and all pipes hanging about in the way are avoided. 



Fixed Hydsaxtlio Crakb and Lift. 

Drawing No. 51 shows one of the numerous types of these cranes. 
A vertical lift of from 4 feet to 6 feet is obtained by means of the 
hydraulic lift, A, placed between the riveter and the travelling 
carriage, B. The carriage travels the whole length of the jib, G, and 
the riveting machine, D, can be racked in and out, without discon- 
necting the pipe joints. A crane fixed in the wall, and having 28-feet 
rake, can rivet any work placed within an area of 1200 square feet. 

Very large and heavy machines can, on this plan, be used as 
portable tools, since all the raising and lowering is done by hydraulic 
power. In many cases these lifts are simply suspended from the end 
of an ordinary travelling crane chain, and in other cases hydraulic 
travellers are used, each case having to be treated on its own merits. 

When no lifts are used, small copper pipes are employed to con- 
duct the pressure water. These pipes are coiled in a spiral form. 
A spring-like action is thus secured, which allows the riveter to 
vary its position within considerable limits; and in practice, the 
copper piping is found to answer perfectly, and it is not subject to 
the damage inseparable from the use of india-rubber hose. 

In many cases, however, the work to be riveted is spread over 
so large an area that a travelling crane is necessary, which is here- 
after described. 
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TBAVELLma Hydbaxtlio Cbane and Lift. 

Drawing No. 52 shows this crane ; it can travel from 20 feet to 
30 feet along the ground or the shop floor without disconnecting any 
pipes, and, with a jib of 28-feet rake, a floor area of 4000 square feet 
is covered. The great advantage of this plan is that the work on 
girders and similar work can be going on in diflerent stages on 
either side of the rail on which the crane runs, erecting and plating 
on the one side, and riveting on the other ; or the crane can be 
used for plating and erecting first, and riveting afterwards. 
Pressure mains are led from the Accumulator to the lifting cylinder 
on the jib and to the riveter. The jib in Drawing No. 52 is free 
to revolve all round. A hydraulic chain lift, attached to the travel- 
ling crane, serves to raise and lower any weight up to 1 or 2 tons. 
Two similar cranes, but with a different form of framework, are 
often placed at the head of a ship-building slip, and all the floors 
and frames riveted up as they pass under on their way down the 
keel, across which they are laid for riveting before being up-ended. 
As soon as the ship is done, the cranes are moved to the next berth, 
or in some cases placed inside the hold for riveting up the floors, &c. 
Ship riveting, so far as the shell work is concerned, is a problem 
yet to be satisfactorily solved ; but so far back as 1872, in a paper 
read before the Institution of Mechanical Engineers, at Liverpool, 
Mr. Tweddell described his mode of riveting ships' frames, keels, &c., 
which is now practically carried out, and used by all leading ship- 
builders. The crane shown in Drawing No. 52 is used in loco- 
motive works, and arranged to allow of the small locomotives used to 
transport material from one part of the works to another to pass 
under the travelling crane which carries the riveter. 



Portable EiVETiNa Plaih? (Drawing No. 53). 

The characteristic of this arrangement is that not only is the 
riveting machine carried on a crane, but the motive power for 
driving it also, and since the waste heat from the rivet-heating 
furnaces nearly suffices to drive the pumps, it is evident that, so 

H 
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long as the rivets have to be heated, nothing more economical as to 
cost of working can well be devised. 

The object of this design is to meet cases in which the bridge is 
to be erected on sites where skilled labonr is often difficult to obtain, 
and much of the riveting work is very hjeavy. This plant has not 
only been considerably adopted abroad, but also used in England. 
The first bridge, indeed, ever riveted by hydraulic machines was 
thus done by Mr. Tweddell in London, in 1872, on the Great 
Eastern Bailway Extension Works at Bishopsgate Street. But 
little description of Drawing No. 53 is required. All the lifting, 
racking, travelling, and other movements can, if desired, be done by 
power from the engines which drive the pumps. The accumulator 
spindle is utilized to serve as a crane post, and all the gear turns 
round this. The crane jib is made a great height, on account of 
doing the deepest girders. 

Small hydraulic punching, shearing, straightening, and bending 
machines can readily be attached to the bed plate, and are very 
useful ; of course the pressure is available to work other riveters, 
which, for the time being, may be suspended by ordinary tackle on 
other parts of the work. 



Hydbattlio PuKOHiKa Aio) Shbabikg Machines. 

Drawing No. 54 shows a hydraulic punching, shearing, and 
angle-cutting machine on Mr. Tweddell's system. The largest sizes 
hitherto constructed can punch l^inch holes in 1 j-inch plates, and 
shear plates of 1^ inch thick at a distance of 5 feet from the edge of 
the plates. The advantages of this system come out more promi- 
nently as the work to be done becomes heavier. When the plates 
are in the proper position to be punched, the workman admits the 
pressure ; this is entirely under his control, and the punch cannot 
descend until he is ready. 

The pressure cannot exceed the load upon the accumulator ; and 
hence it is immaterial whether there is too heavy a piece of work 
put in or not, as the machine cannot be strained. 

The machine works silently ; there is no noise or vibration, and 
on this account foundations are unnecessary. 
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As each cylinder with the tool holder attached is independent, 
an accident to one of them does not cripple the whole machine, as is 
the case when gearing is used ; and as each tool works independently 
of the other, the man has not to wait until the stroke of the tool at 
the other end of the machine is completed. Each part of the 
machine is self-contained, and, if desired, it can be taken into three 
parts and placed separately about the yard, or taken to where it is 
temporarily wanted, and then connected to the mains. The facility 
for putting on special tools or stamps is also very considerable ; and 
the shear blades are so attached that they can very readily be altered 
to any angle by moving the blocks which hold them. 

The yalye gear is arranged so that the amount of water used is 
proportionate to the thickness of the plate punched. The angle and 
bar cutter is shown placed between the punch and the shears, but of 
course the combinations are practically endless. A great incidental 
advantage is the clear headway obtainable for cranes, owing to the 
absence of belting or shafting. 

Amongst the other difTerent applications may be mentioned the 
following machines. 



Chain Cable SnEABiKa Maohine (Drawing No. 55). 

In this modification of the hydraulic shears just described, the 
general principle is, of course, the same. The cable, although cut 
in one stroke, is, by stepping the knife, A, really cut in two efforts, 
thus allowing the area of the cylinder to be halved, although, of 
coarse, doubling the stroke. The same amount of water is therefore 
used, but considerable structural advantages are secured. The 
machine is a double-ended one, and chain cables from ^ inch up to 
3)^ inches in diameter can be cut without requiring any alteration in 
the knives. 

As in all Mr. Tweddell's machines, the return motion is auto- 
matic, and effected by hydraulic pressure. These machines are in 
use in most of the principal public chain-testing establishments in 
this country, and are worked both by pumps direct and also with 
accumulators. 

a 2 
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Bail Sheabb (Drawing No. 56). 

This illnstrates another mode of applying hydraulic power by 
the use of a steam accumulator. This device has been used for 
many years, the noyelty in the present machine consisting chiefly in 
the use of an automatic cut-off gear, which it is not necessary to 
describe in detail here. The principle of the apparatus is this : A 
large steam piston in the cylinder, A, and subject to pressure of 
steam from a boiler, and having a considerable length of stroke, 
imparts a proportionately intense pressure per square inch on the 
fluid in the smaller cylinder, B, placed above it. The water in 
cylinder B being thus under great pressure, is conveyed through a 
pipe, 0, to the hydraulic cylinder D, with a ram carrying the rail 
shears, E. The ram in cylinder D having only a very short stroke 
and a considerable diameter, the power stored up in the cylinder B 
is applied to great advantage. 

Without the intervention of this apparatus, it is clear that with 
the same steam power an impracticable size of shearing ram would 
be necessary, as the space through which the tool travels is so 
limited. 

The apparatus illustrated in Drawing No. 56 is intended to be 
carried in parts on railway trucks from one dep6t to another, 
utilizing the steam from the boiler of the locomotive which draws 
it. All old rails there accumulated are cut up to scrap, and the 
apparatus then moves on to the next station, and works off the old 
rails there. 



Hydbaulio Multiple Punch (Drawing No. 57). 

This is a very compact arrangement for punching a large 
number of holes simultaneously. The machine has a punch bar and 
die holder, each about 6 feet long ; the punch bar is moved by the 
hydraulic ram, A, acting through a parallel motion composed of 
rollers working in inclined planes. The return stroke is effected by 
means of a ram acting through the crosshead, B. It is obvious that 
shear blades can be substituted for the punches. Hydraulic-pressure 
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tools are £rom the steftdiness of their action especially suited for this 
daas q£ machine. Owing to the entire absence of gearing the tool 
occujiks Terr little floor space, and thns leaves room to manipulate 
the work to he done. The punches are, of course, stepped — ^that is to 
say some are longer than others ; this enables the work to be done 
with a smaller diameter of ram, but, of oonrse, with a larger stroke. 
In some eases hydranlic cranes are placed on the machine, worked 
by a yalye placed alongside that which works the punching press ; 
one man, therefore, does all the work connected with working the 
preas and lift. 



SiAMFDiG, GoBBUGAiEfG, AHD FoBGiNG Pbsbses (]>rawing No. 58). 

This press is used for corrugating sheet iron or steel plates for 
roof work, and also as a stamping machine for fence pillars, foot- 
steps, &C. It will corrugate plates 12 feet wide by ^^ inch to \ inch 
thick, and could eyen take in larger sizes. This class of machine 
only shows one of the many applications of hydraulic power. The 
well-known " Mallet " buckled plates haye for many years been so 
manufactured, and similar machines haye been made for stamping 
plough breasts and shares, and in fact shaping and moulding all 
descriptions of work. It is impossible to illustrate all these yarioua 
applications, more especially as yery often the chief points of interest 
centre in the ingenuity displayed in the construction of the necessary 
moulds and blocks. Disc railway wheels, threshing machine drum- 
heads, are also so stamped. Carried a step further, these machines 
deyelop into forging presses, and yery good work has already been 
done in this way. 



FoBGiKG Pbess (Drawing No. 59). 

This press is a recent design for a machine of this class, the chief 
points to notice being the arrangement of the main cylinders, these 
being all placed below the ground leyel ; these are three in number, 
A A and B, thus three different powers can be exerted, and the con- 
sumption of water thereby proportioned to the work to be done. 



102 HYDRAULIC PRESSHira MACHINERY. 

The anvil block, F, is in the main framing, and the trip, or moving 
anvil, C, is carried on a moving crosshead, D. The pressure is applied 
to the work by the main rams acting on the tension bolts, E E, which 
move the crosshead to and from the work. This entirely novel 
arrangement avoids all overhead gear and vibration, besides leaving 
clear head-room for the cranes, &c., required to manipulate the 
forgings. From an economical point of view the three rams enable 
the work to be done with, in many cases, one-third of the power 
required when a single cylinder press is used. The movable anvil is 
under perfect control, and can take a long or short stroke as desired. 
It is now generally concluded that a steady pressure (such as that 
given by hydraulic power) acts much more efficiently to a far greater 
distance inwards than when a blow only is given. These large 
presses are worked in some instances direct from an accumulator ; this 
is the best plan — of course in such cases provision is made to allow 
of the cylinder being filled with low-pressure water when the actual 
total working power is not being employed. The maximum pressure 
of water per square inch varies from 2 to 3 tons. 



BeNDINCJ and STRAiaHTENINO MACHINES. 

This is another useful class of machine, and although hydraulic 
power obtained by means of a hand pump has often been used for 
this work, the machine shown in Drawing No. 60 possesses some 
novel features in addition to the quickness of working, due to the 
use of an Accumulator. The length of stroke of the ram, A, is 
regulated by means of tappet gear, B, and of course by the same 
means it can be kept uniform for any work where much repetition is 
required. The outer abutment blocks, G 0, it will be seen, are 
moved towards and from each other by means of a right and left 
handed screw, D D, thus keeping their positions relative to the 
moving block, E, on the ram, A, correct, and capable of adjustment 
to the greatest nicety. By means of a coupling on the centre of 
screw at H, each side may, if required, be worked independently. 
No breakages can occur should too heavy a beam be put in, as 
the pressure due to the accumulator cannot be exceeded, and as 
these machines are made to exert a pressure varying from 10 to 
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100 tons, all classes of work from small angles 4^ inches by 
4^ inches by If inch up to I section of the largest sizes rolled, can 
be bent or straightened. 



FLAKGiNa Machine. 

Drawing No. 61 shows a type of machine capable of flanging 
plates of all forms. These presses have been made powerful 
enough to flange steel plates 1^ inch thick and 12 feet in 
diameter. The mode of working is as follows. The ram, A, in 
the main cylinder, A^ carries a table, B, on which is supported a 
hollow matrix, C, made of suitable form to pass oyer a fixed die or 
block, D, but leaving enough space between their respective surfaces 
all round to enable the plate, E E, to be moulded. The action is a 
somewhat peculiar one, since the matrix, G G, passes beyond the 
block, D, leaving the plate on the latter. This being left still hot, 
easily falls off by its own weight, and is removed. There is, how- 
ever, a very important matter to be attended to, namely, holding the 
plate firmly to the upper block, while the matrix, G G, is passing 
over it. 

The four small cylinders, H H, carry a fiat table, I I. This 
table being held firmly against the top block, D, with the plate 
between them, prevents any buckling of the latter. 

Very great speed is obtained in working by these presses; m 
some agricultural workshops as many as 100 smoke box end plates 
have been fianged in nine hours, and a large plate for the back end 
of a marine boiler combustion chamber in one minute and a half 
from the time of opening the furnace door to the plate being levelled 
and finished. 



HrDBAULio FiiANama Pbess (Pboobessive Ststeh). 

The quality of the work done by the class of press illustrated on 
Drawing No. 62 is unexceptionable, but the cost of working, when 
the plates are large, is very great on account of the expensive dies 
and blocks necessary; and this is especially so in marine boiler 
work, when the diameters of the plates are very large and the fianges 
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of great depth, in some cases being 11 inches to 12 inches deep, and 
1^ inch thick. These considerations and the great yariety in 
shapes and dimensions of marine boilers, put the old form of press 
out of the question for private firms, who would perhaps have to 
make a complete set of dies weighing many tons, and then only be 
able to utilize them for, say, six or eight boilers. The arrangement 
of Sanger shown on Drawing No. 62, obviates all these difficulties, 
reducing the cost of dies to a sum practically inappreciable. There 
are three hydraulic cylinders necessary. 

In Fig. 1. — The centering pin, P, having been adjusted to give 
the right diameter to the end plate, Q, the vice ram. A, is brought 
down on to the small segmental anvil, K. Then the ram, B, 
descends, and by means of a suitable block turns over the plate ; this 
process is repeated until about 8 to 9 feet of flange is done. The 
ram, B, is then drawn up out of the way, and the horizontal ram, G, 
carrying a straightener or hammer at the end, moves forward and 
squares up the flange on the block. The hydraulic crane shown 
above the flanger is a very important part of the plant, as it greatly 
facilitates the handling of these large plates in and out of the 
furnaces, and is also useful for storing the different dies and blocks. 

Fig. 2. — Shows the two rams, A and B, connected together by a 
suitable block, for doing the f arnace mouths in one operation. 

Fig. 3. — Shows the same for dishing dome ends. In this case a 
fourth cylinder, D, is often found useful to prevent buckling. It 
will be seen that Figs. 2 and 3 work practically on the same principle 
as the press shown on Drawing No. 61. 

Fig. 4. — Shows another application of the same press for flanging 
Adamson's rings. In fact, the press can, it is evident, be used for a 
great number of purposes. While the press is doing the work shown 
on Fig. 1, it is perhaps one of the most human looking pieces of 
mechanism yet invented, as it almost exactly imitates in its action 
flanging by hand. 

All the applications of hydraulic power referred to in this article 
have been confined to machines having a reciprocating action, and, 
as a rule, exerting a great pressure through a small distance ; but 
there is little reason to doubt that, from the very favourable results 
already obtained at Toulon Dockyard and elsewhere, there is an 
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ample margin to allow of even rotary and other motions being 
economically performed by hydraulic pressure. 

The simplicity and efficiency of three-cylinder hydranlic engines 
have already caused them to be thus used for capstans in large iron 
working shops ; and there is probably a large field for the use of 
such machines in connection with bringing heavy work to machine 
tools. Mr. Tweddell has suggested their use for working the lifts 
for his fixed riveting machines, and in some cases to use them for 
driving heavy rolls or lathes, and has applied them for working 
extensions to drilling machinery in places otherwise impossible of 
access.* 

In the first edition of this book, the Author said he could not too 
highly recommend this system to the consideration of manufacturers, 
as the most efficient and economical plant for the purposes named 
therein. He considered a wide field was open for the application of 
the system, and he did not doubt that, in a short time, no well- 
arranged iron-working establishment would be considered complete 
without such machinery. The above remarks were made in 1881, 
now eleven years ago ; and have been more than confirmed, as this 
system of machinery is now looked upon as an absolute necessity in 
any establishment for which it is suitable, and where it is intended to. 
carry out the highest class of work. The Author considers this 
class of machinery is one of the most ingenious and useful applica- 
tions of hydraulic power ; and Mr, B. H. Tweddell is to be con- 
gratulated upon his success in a field he has practically made his own. 

* See Appendix, p. 191. 
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PART III. 
STEAM LIFTING MACHINERY. 
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CHAPTER I. 

''. BTEAM CRANES. 

The application of steam power to cranes and other lifting apparatus 
does not date more than abont forty years ago ; and for wharf and 
other cranes, did not come into extended use until within the last 
thirty years; they are now very generally adopted, and in some 
places are more suitable for use than hydraulic cranes. 

Steam power is applicable to wharf and warehouse cranes and 
jibs, as well as for portable craoes of all descriptions used in factories 
or railways, and for contractors' and other outdoor purposes. There 
has been much discussion as to the proportionate economy in working 
between steam and hydraulic power. The first cost of installation 
is much less for steam than hydraulic power. As to the latter 
system, it possesses the advantage that it can be employed in places 
where no boiler would be permitted ; and in districts where pressure 
can be obtained from the hydraulic power companies' mains (taking 
into account their moderate charges) it seems probable the cost of 
working under these circumstances may not be more than steam 
power. Where boiler power is required for other purposes in a 
large establishment, steam power commends itself by the facility 
and convenience with which it can be carried to the machine where 
the power is required. The distance from the boilers up to 600 or 
700 feet, or even more, is not material, provided proper arrange- 
ments are made to protect the pipes, and to carry away the con- 
densed water. 
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SisiX Whast Ceaiob (Drawing No. 63). 

Steam power cranes are Teiy soitable for wharf purposes when 
sereral cranes are required. One or more boilers plaeed in a central 
b<Mler hooae can work the whole ; the capacity of the boiler should 
be ample lor the purpose of meeting any sudden demand ; when no 
work is being done by the cranes, the boilers are reserToirs of steam 
until they are again required. The Author belieTOs, some years ago» 
he was one of the first in London to carry steam long distanoes^ and 
to proTe. when the work is properly designed and well executed, 
that Tery little loss takes place from condensation in the pipes. 
This matter will be treated more folly hereafter. 



Fixed Stbax Grahsb. 

These are the most suitable for a wharf doing a large trade ; they 
should be so situated that any two cranes may plumb the two holds 
of a ship, and be placed such a height above the wharf as to prevent 
the sides or bulwarks of the ship fouling the jibs. The most 
suitable radius for the jibs is from 17 feet to 24 feet, The posts 
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upon which the crane works shonld be of wrought or cast iron, fixed 
in a base plate of cast iron ; this plate must be bedded upon a good 
stone, resting on a sound brickwork foundation built in Portland 
cement ; this will be more specially mentioned hereafter. The base 
plate has an internal rack or tooth wheel bolted on, having a conical 
face for the friction rollers to work on. 

The jib is made of two wrought-iron slabs, and either with cast* 
iron distance pieces or diagonal bracing, or it may be made in the 
form of a riveted girder ; in any case it should be spread at the 
base to the full width of the side frames of the crane, to give it 
stifness, and prevent any chance of twisting, especially when the 
load is being swung. It is attached to the side frames at the base 
by a turned pin ; the plates are stiffened at that point by an extra 
plate riveted on each side from 2 feet to 2 feet 6 inches long to 
prevent the pin from cutting, as well as to give extra strength. The 
top wheel for carrying the chain should not be less than 18 inches 
diameter for a 80 or 40 cwt. crane ; it should have a deep plain 
groove for the chain to work in ; it should run upon a fixed steel 
pin, not less than 2 inches diameter, passing through a wide boss, 
which should be bushed with gun-metal. The bottom pin which 
connects the jib to the side frames should also be of steel. 

Two tie rods 1^ inch diameter are connected to the pin at the 
wheel at top of the jib, and to the side frames. Hollers must be 
fitted between the jib and tie rods to carry the chain when slack, 
but the chain must not rub on them when at work. The carriage 
supporting the rollers also acts as a strut to the tie rods. 

The side frames should either be cast or wrought iron, the 
latter being the preferable material, especially for large cranes ; in 
this case all the bosses and bearings are made of cast iron, and are 
bolted to the wrought-iron side frames. These frames are bolted to 
a base plate or frame having a bored boss, which rests upon a collar 
on the post, and revolves on a turned part of the same. To the 
top of the frames is bolted a crosshead or stay piece, provided with 
a bored boss open at the top, working on top of the post, which is 
also turned at this point. 

Machinery for Working the steam cylinders should be fixed 
horizontally on the outside of each side frame with the connecting rods 
working direct on to the crank pins, which are fixed in the first 
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working pinion on one aide of the cam, and in the crank disk on the 
other. Two sets of wheels give motion to the barrel on which the 
chain is coiled ; the centre of this shaft is kept as low as possible to 
keep the strain near to the base, and so save vibration. 

The swinging gear is operated by right and left hand cones worked 
by leyer and screw nnt ; these cones are placed on the crank shaft, 
which has two beyel pinions keyed on, working a crown wheel below ; 
and by means of spur wheels which gear into the internal tooth 
ring on the base plate, the crane is easily and quickly swung as 
desired. 

The first pair of wheels are patent frictional gear ; the second 
pair, iron tooth wheels, pitched and trimmed. The man working 
the crane, uses one lever to start, stop, and lower, and with the other 
hand works the swinging gear. Cranes made upon this plan were 
designed by the Author some twenty-four years since, and are 
working to this time economically, and in a perfectly satisfactory 
manner. 

Steam pipes, to supply the cranes on a wharf, are carried in a 
channel underground; junctions are provided for each crane; the 
details of these vary with the circumstances of the case. 



Houses oveb Cranes. 

It is advisable to cover the machinery and the man working both 
fixed and portable cranes with a house ; this is made of sheet iron ; 
much saving is effected by this as far as the machinery is concerned, 
and the man is able to work in all weathers without injury to his 
health. Objections have been raised to their use, upon the assump- 
tion that the men will not be so attentive, but after many years* 
practical experience of their working, the Author is able to say such 
fears are groundless. 

Foundations of Cranes. 

The foundations for cranes should have the greatest care. For 
40-cwt. cranes, the holding-down bolts of the base-plate should not 
be less than 6 feet long, and 1^ inch in diameter, secured at the base 
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by cottars bearing against a cast-iron frame built in the brickwork. 
The brickwork should be built in Portland cement, and should rest 
on Portland cement concrete. The top stone for the base-plate of 
crane should be Yorkshire or Portland or other suitable hard stone, 
according to the locality ; it should not be less than 12 inches thick. 

Where the brickwork bases stand some height above the wharf- 
line, for the purpose of the jibs clearing the sides of the ships, they 
should not be less than 6 feet by 6 feet, to ensure perfect stability 
and to keep the machinery entirely free from vibration. 

No special rules can be given as to the depth of the brickwork 
below the wharf, as it will vary with the nature of the soil and other 
considerations. In places where the soil is boggy or bad in other 
respects, piles must be driven, then sawn off level, and 6-inch 
planking spiked to the same ; on this a good base of cement concrete 
should be formed, and the brickwork foundations built on it, finishing 
with a base stone as before. 



BOILEBS IN A CeNTBAL HoUSE. 

Horizontal multitubular boilers are the most suitable to adopt 
for a wharf, where space is usually valuable. They require no 
setting, take up little room, and are most economical in working. 
The power should be ample, no loss takes place, as before observed, 
from having the boilers of ample capacity ; on the contrary, much 
economy is effected by this system in the consumption of coal. 

The foundation necessary for the multitubular boilers is two 
piers of brickwork resting on concrete ; on these the cradles to carry 
the boilers are placed. Steam pipes may be carried 600 to 700 feet 
from the boiler with very little loss of pressure ; they must be well 
clothed, and be provided with expansion joints in suitable positions. 
Condense boxes must also be provided at various points for the 
purpose of keeping the pipes free from water. On the line of pipes, 
proper valves should be provided to shut off any portion not required ; 
this saves loss of steam. 

Cornish and Lancashire Boilers. — Either of these types of 
boilers is sometimes adopted when space permits. They are both 
economical in the consumption of fuel, andean be worked to high 
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preBsnres with perfect safety. When either of these types is em- 
ployed, it is advisable to provide smoke-consuming furnaces — they 
not only effect much saving in coal, but get rid of the smoke 
difficulty and satisfy the smoke inspectors; this is an essential 
matter in the London district. The capacity of the boiler or boilers 
to supply steam for working the cranes and other apparatus, must 
be equal to at least 25 per cent, more than the total amount of 
steam required for the number of cranes or other apparatus that are 
likely to be at work at the mme time. In all cases, one spare boiler 
should be provided. The feed apparatus should be in duplicate; 
the feed- water may be heated by a Green's economiser or by a simple 
heater, which may be partly heated by waste steam from the steam 
feed pump, and partly by live steam from the boilers. 

Bahcoek and Wilcox Patent Waier-Tvhe Boilers may be employed 
with much advantage to supply steam for cranes and hoists ; they 
can be built to suit the shape of the room where they are to be 
placed, and possess the advantage that they can be passed through 
a smaller space or opening than any other boiler of the same 
evaporative power. No one part of the boiler exceeds 1 ton in 
weight ; it will be seen by this it is readily portable. Bepairs can 
be rapidly and easily executed. They are perfectly safe, working 
even under pressures to 200 lb. per square inch. Any ordinary 
stoker can attend to them. The consumption of coal does not exceed 
any type of the most economical boiler at present in use. Having 
had much experience of their working in places where the Author 
has adopted this form of boiler, he can with the greatest confidence 
recommend their employment. 

For further details as to the different type of boilers, the reader 
is referred to the Author's book upon * Pumps and Pumping' 
(E. and P. N. Spon), where the fullest particulars are given of every 
type in general use at the present day. As boilers are only an 
adjunct to cranes, space cannot be spared in the present work to 
describe them more fully in detail. 

Portable Steam Cranes (Drawing No. 64). 

These cranes are made upon the same plan as those before 
described, except that the whole apparatus is fixed on a trolly 
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and placed on wheels, which also carries the boiler, forming a 
counter-balance to the jib. In many cases, especially where the 
cranes are not working in direct lines, these are foand the most 
suitable for the work; they are not quite so economical in 
working as to fuel as when several fixed cranes are supplied by 
one fixed boiler in the manner before described. In all cases, for 
safety, the crane, when lifting goods, should be secured by four 
screw clamps to the rails, as cases have occurred where the oscil* 
lation of the crane has thrown it oyer, and yery serious results 
have taken place. 

For light loads, cranes of this kind are made with the cylinders 
working direct on to the shaft carrying the barrel without the 
intervention of any wheel gear ; they lift in these cases at the rate 
of about 200 to 250 feet per minute ; the cylinders must be made 
large, and the stroke in the proportion of 2 to 1 of the diameter. 
The barrel for the chains must not be less than 6 inches to 7 inches 
diameter ; 9 inches may be taken as a suitable size. 

Heavy Loads, — ^Whore heavy weights have to be raised either by 
fixed or portable cranes, it is found more economical to have one or 
more special cranes for this purpose ; in ordinary cases at wharves 
the maximum load seldom exceeds 4 tons. Cranes for this purpose 
are made with two motions, and fitted with clutch gear to use either 
power as required, according to the weight of the goods to be lifted. 
As a rule, taking the ordinary work of a wharf, it does not pay to 
provide a crane to lift more than 4 tons direct from the barrel ; 
a movable block should be employed, and all the parts of the 
crane made of sufficient strength; a good margin of safety must 
be provided, when such heavy loads are to be lowered, by a brake. 



10-ToN TnAVELLma Crane (Drawing No. 65). 

These machines are made by Messrs. John H. Wilson and Co., 
Limited, Liverpool ; they are mounted on a truck, similar to those 
used on a railway, on four or six steel-tyred flanged wheels for 
running on the standard 4 feet 8^ inches gauge. The distance 
between the centres of the wheels is 4 feet 6 inches, the length of 
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the track is 14 feet 6 inches, and the width 7 feet. The frame 
of the truck is formed of two steel-built girders, with suitable cross- 
ties, and is covered on the top with wrought-iron chequered foot- 
plates. When for use on a railway company's line, the truck is fitted 
with springs, buffers, couplings, &c., for running with the ordinary 
main line rolling stock. When only required for the purposes of a 
wharf or dock in a depot, &c., the buffers, couplings, &c., are omitted. 
The base-plate of the crane, which is cast iron, is bolted directly 
to the truck, and is accurately machined for the reception of the 
roller-path and centre post. The side frames and top and bottom 
castings are made of cast iron, and contain the bearings for the 
various shafts, all the principal bearings being adjustable and fitted 
with brass steps and caps. The jib is constructed of steel plates 
and angles 13 inches wide at the bottom, and 8 inches wide at the 
top, and is spread out to the fuU width of the crane-framing at the 
bottom end, and suitably latticed to give great lateral stability ; the 
jib-he«d pulley is 2 feet diameter and grooved for the reception of 
the lifting chain, and runs on a steel pin. The tie-rods are If inch 
diameter, and are attached at one end to the jib-head, the other end 
carrying a grooved pulley for taking the return chain for raising 
and lowering the jib, one end being securely anchored to the crane 
framing, and the other end wound on a grooved barrel, operated by 
means of a worm-wheel and worm, which is fitted with a locking 
arrangement to secure the jib in any position required. The radius 
of the jib is 16 feet, and the height above rail-level to centre of 
jib-head pulley is 23 feet. The engines for working the different 
motions are placed vertically, and are fixed to the side frames of the 
crane, and have two cylinders 8 inches diameter by 12 inches stroke, 
fitted with link reversing motion. The lifting motion is single and 
double purchase, the load being lifted on a single part of chain 
1^ inch diameter, and provided with a swivel hook ; the speed of 
lift with the full load is 25 feet per minute ; a quick speed is also 
provided for lifting lighter loads ; a powerful combined screw- and 
foot-brake is fitted of ample power to hold the maximum load, the 
brake-strap being lined with wood blocks. The slewing motion is 
worked by means of double-friction cones of large diameter ; the 
lifting and slewing motions are capable of being worked together or 
separately in either direction as required without reversing the 
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engines. The crane is also fitted with self-propelling gearing for 
travelling itself along the rails. All the shafting is of the best 
mild steel, and the pinions of best crucible cast steel, and are all 
accurately turned or bored, and secured by sunk keys. The boiler 
is of the ordinary vertical cross-tube type, 3 feet 9 inches diameter 
by 8 feet 6 inches high, with three cross tubes in the fire-box, and 
is constructed of Siemens-Martin's mild boiler steel throughout, all 
holes being drilled in place after the plates are bent in position. 
The boiler is tested by hydraulic pressure to twice the ordinary 
working pressure. The total weight of the crane is 35 tons in 
complete working order with boiler and tank charged, giving a load 
of nearly 6 tons on each wheel 

Portahh Cranes, constructed on much the same principle, are 
made to lift from 1 up to 15 tons, and are made to suit varying 
conditions as to radius of jib, gauge of rails, &c., the former having 
been made up to 50 feet, with a height of 48 feet above rail level to 
centre of jib-head pulley. These cranes are generally made self- 
propelling, and are so arranged that the difierent motions, viz., 
lifting, slewing, and travelling, can be worked simultaneously. 

15-ToN Block SsTTiKa Ceane. 

This machine is constructed by Messrs. Stothert and Pitt, 
Limited, ior setting concrete blocks in position under water. 
The crane is capable of raising a maximum load of 15 tons a 
total height of 42 feet, with a maximum radius of 45 feet; the 
height from the rails to the under side of the jib being 22 feet 
3 inches. A wrought-iron truck, running on eight tram-wheels, 
carries the crane and its machinery; a central post of riveted 
wrought-irou, built of plates f inch thick, is secured to the cross 
girders of the truck ; it is fitted with a wheel-race, with internal 
rack and swinging gear. The strut of the top jib girders is placed 
at an angle of 45°, and is continued in a horizontal line at the back 
of the post, at the end of which a vertical boiler is seated, acting 
as a counter-balance to the overhanging load. The two jib girders 
are framed together, and by means of a cross-head, turn on the 
top of the post of the crane ; they are riveted to the two strut- 
girders which meet about midway between the post and the end of 
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the jib. At the junction of the struts, and at the top of the jib, 
two vertical stmts well braced together are provided, at the top of 
which two rods are attached, and are connected at the top part 
of the crane post, and prolonged to the lower frame, and there 
connected at about the centre of the boiler. At the other end four 
tie-bars are also connected, and are attached near the end and centre 
of the jib. The central strut is braced from short transome-girders 
placed over the large diagonal struts. The machinery for working the 
various motions for lifting, racking, and travelling, is placed between 
the main strut and the post; wire ropes are provided to operate the 
traveller, and double chains \^ inch diameter to raise and lower the 
load. The cylinders of the engine are 10 inches diameter and 
16 inches stroke. There are many advantages gained by the use of 
these machines, of which the following may be noted : — ^The amount 
of clear headway under the jib is more than any other type of 
crane. The jib, by its unique form of trussing, although 60 feet 
long, is made rigid without the employment of any considerable 
weight. 

Titan Crane. 

This powerful apparatus is used for pier and harbour work, for 
the lifting, moving, and lowering heavy stones, concrete-blocks, and 
other materials required during the construction of such works; 
they are made in several forms, but as they are of a special 
character, the Author has selected one made by Messrs. Stothert 
and Pitt, Limited, which is capable of raising a load of 27 tons. 
The machine in all its movements is operated and controlled by 
steam power, and is constructed with a lower truck- or bed-plate 
mounted on eight tram-wheels travelling on rails laid on the pier or 
quay ; the length of this truck is 36 feet, and the width 25 feet. 
At each end are fixed two braced frames of wrought-iron, to which 
at the top part, are attached two trellis jib-girders; these project 
over the water from the side of the quay 23 feet. The framing and 
girders are stmtted by cross treUis girders. The boiler is placed 
on top of the girders near the back frame, and behind this a 
counter-balance tank containing water, and weighing 30 tons, is 
situated. The engine to operate the lifting, traversing and travel- 
ling gear is placed in the front of and close to the boiler. The 

i2 
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traveller crab-motion runs on rails attached to the top of the jib- 
girders ; motion is given by means of a longitudinal shaft from the 
engine; gearing is also provided to rack the load in and out as 
required. Chain gearing connected with the engine is also pro- 
vided for the purpose of moving the machine on the rails. 

The " Titan " is of sufficient width between the main frames to 
allow of two lines of railway of the usual standard gauge — 4 feet 
8i inches — under it, on which the trucks carrying the concrete or 
other blocks travel. The engine is eight nominal horse power, and 
is supplied with steam at a pressure of 60 lbs. per square inch, 

Block Settinq Cbanes, "Mammoth" Ttpe. 

This crane is for the purpose of concrete block setting for pier 
and harbour work ; it is constructed by Messrs. Stothert and Pitt, 
Limited. The crane is capable of lifting a load of 50 tons at a radius 
of 20 feet minimum, to 92 feet maximum, the whole operation being 
performed by steam-power. A wrought-iron girder frame is provided, 
having legs or side frames, which are mounted on flanged tram- 
wheels, by which means it can bo moved on rails placed at the ground 
line as desired. On the top of the frame a circular box girder is 
fixed, having a curb or race, 34 feet diameter, a corresponding 
girder is attached to the framing at the under part of the crane-jib, 
which runs on fifty-two friction rollers on the lower curb. The 
crane-jib consists of wrought-iron riveted girders. 

The boiler, as well as the engine and gearing, are carried at the 
back end, forming a counter-balance to the load. Above the outer 
edge of the 34-feet curb, and thus 16 feet from the centre of the pin, 
a framed post or strut is provided ; this frame is equal to the width 
of the girders of the jib, and to which it is riveted ; three sus- 
pension rods are attached at each side to the top of the*strut, and to 
three separate joints on either side of the jib. At the other side of 
the pin, and in the same relative position, another shorter framed 
strut is provided, two rods attached to the top of the main strut are 
connected with the girder near the centre of the boiler ; two extra 
double minor tie-rods are also fixed, one to the main strut and one 
to the minor strut, the lower end of each being attached to the 
girders of the jib. The engine and machinery for raising the load, 
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racking in and ont, and swinging, is much the same as that used for 
the " Titan/' described at p. 115. The Author believes this to be the 
largest crane of this type in existence; it has worked in such a 
satisfactory manner that several of the same design have been built 
by Messrs. Stothert and Pitt, Limited, and used for like purposes. 

Stsam "Goliath" TnAVELUNa Obanes. 

These apparatus are constructed on the same general form as 
those for hand-power, described at p. 157, except that for steam* 
driving they are more massive, and usually made of larger dimen- 
sions and to lift heavier loads. 

The frame and girders of the traveller are either of timber, when 
used for temporary outdoor work, or of wrought-iron. Selecting the 
last type, they are constructed with cross-girders of wrought-iron 
plate in the box form ; these are attached at the ends to short longi- 
tudinal girders, also of the box form. Four wrought-iron bracketed 
legs or standards are riveted to the under side of the main girders 
and to longitudinal box-girders at the base, which are mounted on 
double-flanged tram- wheels, on which they travel on the rails placed 
at the ground line. The tram- wheels are placed some distance apart 
in order to give steadiness to the frame. At the lower part of the 
standards gusset struts are provided at the four sides, and are 
riveted to the side frames and also to the base girders; these 
materially add to the rigidity of the framing. A footway is pro- 
vided at top of the girders on both sides, and is protected by hand- 
railing. 

The span between the rails is made sufficient to bridge over one, 
two, or three lines of railway of 4 feet 81^ inches gauge each ; in the 
latter case it will be about 38 to 40 feet ; this enables locomotives 
and trucks to pass under the traveller, and the contents of the latter 
to be lifted, delivered, or deposited elsewhere. 

There are two systems of steam machinery for lifting the loads, 
viz.: — 1. By a steam hoist with a boiler attached, contained in 
a frame running on rails on top of the cross-girders of the traveller. 
2. By a steam-crane and boiler provided with a jib of sufficient radius 
to plumb the required distance, also running on rails on the girders. 
For use in docks, and at railway and other depots, the latter plan is 



118 STEAM LIPTINCJ MACHINERY. 

to be recommended. The crane is of the same constrnction as 
described for either of the portable cranes at p. 112. The machinery 
as well as the boiler should be protected by an iron honse. It is 
propelled on the rails of the girders by the engines. The loads 
lifted will depend upon the work to be done, and may vary from 
2 to 10 tons, or even more in special cases. It will be noticed that 
a "Gbliath" of the type described is most convenient for use at 
a docky wharf, or quay, more especially where the floor space is 
usually limited, and is very valuable. No permanent obstruction is 
caused, and the expensive foundations necessary for cranes are 
avoided. In addition, a further advantage may be noted in the fact 
that the jib lifting the load being placed so high, it is clear of most 
obstructions, and is able to land the goods at a higher level than in 
the case of cranes fixed at or near the level of the wharf. No. 2 
system of working also has the advantage that the loads can be 
raised to a much higher level, and can be swung some distance 
without having to move the traveller frame. 



Steam Navvy. 

This powerful machine is used for excavating earth, for railway, 
canal, and other purposes. It is constructed with a crane-jib, in 
somewhat the same form as a steam-crane; the whole machine is 
mounted on a truck running on four wheels on railway metals; 
the gear for raising the loaded bucket, as well as the swinging 
arrangements, are about the same type as usually employed 
for heavy cranes. The base-plate carries a vertical boiler, which 
also acts as a counter-balance to the load. The girder or arm 
carrying the bucket for excavating is placed at about the centre of 
the jib ; it is provided with a toothed rack at the back into which 
a pinion gears, and at the centre of the bucket, by means of two 
long links, the crane-chain is attached ; a rod is provided reaching 
from the man on the footboard of the crane, and by levers in con- 
nection with the bucket gives power to discharge it when full, after 
it has been swung to the required spot. The bucket can be projected 
to varying distances from the end of the jib by the chain and pinion 
motion working in the rack on the girder. The buckets for sand 
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and grayel contain 2^ cubic yards, two being sufficient to fill an 
ordinary contractor's earth wagon. About 2,000 cubic yards of 
earth can be excayated in ten hours, but in working the average 
quantity is, however, much lower than this. The working expenses 
are stated to be about 30s. per day, or about • 5Qd. per cubic yard 
excavated. It is needless to say these are very powerfully made 
machines, and are proportionately heavy, and for this reason cannot 
often be used on soft or boggy ground. As a machine of this size 
costs about £1200, they can only be employed in heavy work. 



ExcAVATiNa Machine. 

Another machine for excavating earth, such as from the side of 
a canal, is made somewhat like a steam ballast dredger. The 
machine is carried on a truck mounted on wheels, which runs on 
railway lines ; it is provided with a jib to which, by means of chains, 
the lower part of the endless chain of buckets is attached; the other 
end is carried on a cast-iron drum and keyed on a spindle which 
revolves in bearings attached to the frames of the machine. The 
distance between the centres of the top and bottom wheels is from 
40 to 45 feet. In machines of this size they usually carry 
twenty-five excavating buckets. The boiler and engines for driving 
this apparatus are carried by the truck. The operation is much 
the same as in the case of a ballast dredger, the buckets cut the 
earth, and take it up above the bank, where it is discharged into 
a hopper,, and thence into the contractors' trucks. This machine can 
move, raise and discharge about 1500 cubic yards of earth in ten 
hours. The average working expenses per day is about 60^., or equal 
to about '4M. to '50d. per cubic yard excavated. The weight of the 
machine is about 80 tons, and for this reason it cannot usually be 
employed in places where the ground is soft. The cost of such a 
machine is about £2,300, which would preclude its use in any but 
the heaviest class of work. 
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Steam DBEDGiNa Machines. 

These macliines may be fairly considered to come under the head 
of lifting machinery, as they are employed to raise ballast, sand 
soil, etc., from the beds of rivers, harbonrs and docks. They are 
also used to cut new channels and deepen and maintain existing 
rivers and waterways, etc., and are made of sufficient power to dredge 
up to 800 tons per hour in ordinary material. A machine of this 
power is made by Messrs. Simons & Co., of Benfrew, and as they are 
of a very special character, the Author considers it would be better 
to describe one constructed by these specially experienced makers. 

The whole apparatus is contained in a float, barge, or vessel, 
which also carries the engines, boilers, and dredging machinery. 
The apparatus consists of a double endless steel chain, to which is 
attached at intervals on each side heavy wrought-iron or steel 
buckets. The chains revolve on a drum keyed on a spindle, which 
is carried in bearings on the side frame of the machine; these 
frames are attached to a powerful cast-iron bed-plate, which also 
carries the rest of the machinery, and is bolted to the deck of the 
vessel. At the lower part of the chain another drum-wheel is 
provided, over which the two chains pass ; the two drums or wheels 
for the chains are connected by wrought-iron framing. At the pin 
on which the lower wheel runs a chain is attached, and by means of 
a barrel, on to which it is coiled, it is raised, lowered, and adjusted 
to suit the level of the bed of earth against which it is required to 
work. The machinery to operate the endless chain carrying the 
buckets for raising as well as lowering is situated on the bed-plate 
before named, and is driven by engine power. One man can control 
the driving apparatus, suitable gear being provided convenient to 
his hand. The speed of the drums of the chain is eight revolutions 
per minute, being a speed of 48 feet at the chains, at which speed 
the dredger will raise 8000 tons in ten hours, the height of the lift 
being equal to 35 feet. 

The boilers for supplying steam are two in number, and are 
12 feet diameter and 10 feet 6 inches long. The pressure of steam 
used is 90 lbs. per square inch. The engine cylinders are 20 inches 
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and 42 inches diameter, and 30 inches stroke ; they are built in the 
vertical form; a train of wheels communicates motion to the top 
drum on which the endless chain revolves. 

The vessel containing the whole of the machinery is 180 feet 
long and 36 feet beam, and draws about 12 feet of water. When 
fully equipped, and in working order, the dead load is 800 tons. It 
is propelled by steam-power, by a screw which is driven by the 
general engines. 

The cost of dredging by the apparatus in gravel or sand is about 
2j^e2. per cubic yard, this includes transportation to place of deposit, 
interest on the first cost of the machine as well as all labour, fuel, 
wear, and repairs to the machinery. 



Priestman's Steam Crake and Patent Geab-Bucket. 

These machines are used in conjunction with a steam-crane to 
raise ballast or other material under water. The crane is specially 
designed for the purpose with a view to bringing the two chains 
required under the easy control of one man and working at a high 
speed. The bucket is made of steel plates in two sections hinged at 
the upper part, and is provided with cutting claws or teeth on each 
side of the bottom ; an arrangement of levers in connection with the 
chain led from the crane causes the closing of the two halves of the 
bucket when it has dug out and grabbed the earth. After it is 
raised the requisite height, it is swung over the railway trucks, or 
other receptacles, and by means of levers and gear connected with 
the crane the bucket is opened at the bottom and the contents 
discharged. As much as 250 to 300 cubic yards of gravel or soil of 
like kind can be excavated in about ten hours. A special design of 
grab-bucket is made which can be worked by an ordinary steam- 
crane, with suitable provision made for the control of the opening 
and closing of the bucket. They are made in several forms; for 
lifting grain or mud no teeth are required ; for clay, and for dredging 
rivers or canals with muddy deposit, they are made as an open grid, 
more or less close, according to the materials to be dealt witL The 
buckets usually contain 1 to Ij^ cubic yards. The quantity lifted 
per hour is 75 tons gravel, &o., and with clay about 50 tons. 
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Appabatus fob SLiNome Gtoodb when Unloading YmamA by 

Cbanes. 

Wrouglit-iron Crosses, with four sets of slings attached to the 
same, are used for the purpose of raising small casks containing 
pork, currants, sugar, soda, etc. They are constructed in the form 
of a cross, proyided with an eyelet at the centre, by which it is 
suspended from the hook of the crane-chain. At each corner a 
chain-sling is attached, the ends of each are proyided with a ring, 
which carries double grab-hooks, by means of which the casks are 
held. 

For lighter loads, a wrought-iron ring, with six or more chains 
attached, is suitable for raising small bags or packages. When bags 
or sacks of materials haye to be raised, each chain has a large ring 
at the end to form a running noose ; in other cases a hook only is 
necessary. 

A safe sling, designed by the Author some years since for raising 
casks of wine, oil, etc., consists of one chain with a large ring at one 
end and a hook at the other ; this chain is put round the cask at one 
end, passed through the ring, drawn tight, and then round the cask 
at the other end, the hook being caught in the chain, leaying sufficient 
space and slackness for the crane-hook to take hold of. It will be 
seen such a sling cannot slip, and the strain of the crane only tends 
to tighten it upon the cask. This kind of sling has been in successful 
and safe use for many years at some of the largest wharyes and 
at other places in London and elsewhere. 

Sugar when in loayes, and all small sundry packages, are lifted 
quickly and safely upon a scale board attached to the crane-hook by 
four small chains, and suspended from a wrought-iron cross fitted 
with a ring at the centre. 

In cases where the goods haye to be warehoused after they are 
taken out of the ship, they are best lifted in a box running on three 
wheels, the front one being made to swiyel ; when landed, they can 
be easily run to any required point, and attached to the hook of the 
warehouse crane and lifted on to the floor required. Spare boxes 
are used, so as to keep the cranes continuously at work. 
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Steau Wabehouse Gbaneb Am> Hoists. 

The general arrangement of jibs and steam-hoisting engines is 
shown in Drawing No. 67. The handle for working the hoist must 
in all cases be placed at the loopholes to enable the man to see the 
load he is raising or lowering. Whenever possible the hoists should 
be placed on a floor below the highest leyel where goods are to be 
delivered ; this allows proper lead for the chain, and prevents undue 
strain, as the chain is coiled on the barrel. There are various kinds 
of hoisting engines ; suitable forms of which are described below. 

Drawing No. 66 shows a hoist with two oscillating steam 
cylinders, 6 to 7 inches diameter, by 12 to 14-inch stroke, inclined 
at an angle, and working direct on to crank discs. The cylinders 
are fixed outside each side frame. One pair of spur (tooth) wheels, 
pitched and trimmed, give motion to the shaft carrying the barrel on 
which the chain is coiled. The valve motions are worked by links, 
keyed on to one weight shaft, to which is also keyed the hand 
working lever. The man operating the crane can start, stop, and 
lower by means of this lever ; there are no clutches to throw out, 
shocks and consequent fractures are thus avoided. 

To swing the Jibe two small steam cylinders may be used, with a 
chain fixed to a grooved wheel keyed on the post ; this is on much 
the same plan as for the hydraulic cranes. As a rule, however, the 
jibs are swung automatically. 

Hoists are also made like the above, but with the cylinders fixed 
horizontally (see Drawing No. 68). For the purpose of running 
both ways, either two eccentrics to each cylinder are used with link 
motion, or a special valve box, admitting steam on alternate sides of 
the piston, is provided ; this plan has been working for some years, 
and is most efficient in its action. Swinging gear, when required, 
is the same as before described. This is the most direct and efficient, 
and saves much friction, as against the clutch and gearing plan, 
which the Author cannot recommend ; it also does away with the 
risk of fracture from the shocks they would be liable to when the 
latter plan is adopted. 
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These kinds of hoists take rather more floor room, but work with 
less vibration than those previously named. 

Soists are made npon the plans of Nos. 66 and 68^ but with the 
cylinders working direct npon the crank pins. They nsnally run at 
high speeds, say, from 200 to 250 feet per minute, and are very suit- 
able for raising cork, wool, esparto grass, tea, and other light goods, 
especially when packed in small cases or boxes. The diameters of 
the cylinders, as compared with those before described, should be 
increased, and the strokes decreased ; all the other parts of the hoist 
should be strengthened to stand the extra shock from the increased 
speed. 

In all the above instances, the Hoisting engine should have a 
good bedplate, and be securely fixed, to save vibration. The bed- 
plate should be lipped all round the edge to take the condensed 
water, and so keep the floors dry ; in addition to this, it is advisable 
to form a lead safing with a raised edge all round under the hoists, 
in case the condensed water overflows the bedplate, — the goods on 
the floors are not then damaged. 

Hoists are made with fixed cylinders, both in the vertical and 
the horizontal forms with patent frictional gear, and may either be 
single or double geared. One lever starts, stops, and lowers ; the 
brake is always on, and is taken off when raising or lowering. 
This is a very safe plan, and often prevents accident. The work 
must be of the highest class, the shafts made of steel, and all the 
parts strong, to avoid any springing or vibration. 

Hoists have also been made to operate Warehouse Oranes, where 
the load is light, and the lift does not exceed 10 feet, by direct action 
from a steam cylinder, the stroke of which is made in this case 2 
to 1, with a movable pulley. The piston rod should be extra large, 
to be rigid and enable it to stand any sudden shock ; the cylinder 
can either be fixed horizontally or vertically ; the pressure of steam 
should not be less than 50 to 60 lbs. per square inch, in order to 
work them with economy; care must be taken to protect the 
cylinder and pipes to prevent condensation of the steam. Arrange- 
ments are made in the valve gear to pass the exhaust to the reverse 
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side of the piston^ to keep it warm^ the waste steam being driven 
out at the next stroke. This is somewhat complicated, and cannot 
be described in detail, as space will not admit. 

There are many other forms of hoists ; in addition to some of a 
special character hereafter described; but the aboye are specially 
recommended by the Anthor as those with which he has had many 
years' experience, and because he can bear testimony as to the 
simplicity of the parts and also as to their efficient working. 



Steam Hoists and Warehouse Cranes fob Wool, etc. 

During the last twenty to twenty-two years the number of ware^ 
houses for storing tea, wool, esparto grass, &c., have much increased 
in London. Several good forms of steam hoists have been specially 
designed for the purposes of rapidly unloading the vans and storing 
the goods on the various floors of the warehouses. The Author will 
now describe some of the best kinds of hoists for this purpose, and 
the arrangement of jibs, and other parts, most advisable to adopt in 
such cases. 

Hoists are made on much the same plan as described for Nos. 66 
and 68, the crossheads of the piston rods of the cylinder being 
connected direct to the crank discs keyed on the shaft carrying the 
band. The cylinders are oscillating, 8 inches in diameter, by 
12-inch stroke. The barrel for the chain is 12 inches diameter by 
2 feet 9 inches to 3 feet long, and is capable of coiling about 50 feet 
of f -inch crane chain without any overlap; this is about equal to 
the average height of the top floors of most warehouses in the 
London district. The ports of the cylinders are made of free area, 
and all parts very strong to stand the rapid work. 

No, 1 Form of Hoisting. — The cylinders are made oscillating as 
described for No. 66, and either worked by link motion, or by a 
central reversing box as described at p. 123. The side frames of 
the hoist are fixed to a bed-plate in the same manner as before, and 
lipped all round to catch the condensed water. In some cases the 
side frames and bed-plate are fixed direct on the wall of the building, 
with a leaded trough under same, to catch the water as before 
mentioned. 
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No, 2 Form. — ^The cylinders in this case are fixed vertically. The 
connecting rods work direct on to the crank discs keyed on the 
barrel shaft; the sizes of the cylinders and barrels are same as 
aboye. The yalve motion is worked by a central reversing box, and 
in both cases by means of one lever, the man working the hoist can 
start, stop, and lower the load, and has perfect control over the 
same. 

An arrangement can be made by special gear to the barrels to 
stop the engines when any desired floor is reached. 

The Best Position for the Hoist is on the floor below iJie highest 
floor (see Drawing No. 67). This, as before stated, gives sufficient 
lead to the chain, and allows it to coil regularly and closely upon the 
barrel, without the aid of guide rollers, which should always be 
avoided whenever possible. 

The Jibs should be made of two flat slabs with cast-iron distance 
pieces riveted together, the average radius for jibs suited for such 
purposes is about 7 feet 6 inches to 8 feet ; wherever possible the 
angle of the jib should bo 45 degrees. The top wheel should be about 
14 inches in diameter, provided with a wide boss, and should work 
upon a l|-inch diameter steel pin. The wheel should have a deep 
and wide groove, and be turned at this part for the chain to work 
easily in, and thus save friction. 

The Carriages for the jib at the top and bottom should be fixed to 
a cast-iron back plate and be bolted to the wall by four bolts passing 
through to two back plates on the other side of the wall, and secured 
by nuts. This preserves the bearings in exactly relative positions, 
and also adds rigidity to the wall at these points, preventing damage 
to the same, and also vibration to the machine. 

When the warehouse is a new building, the piers where the 
cranes are fixed should be built in cement ; and in places where the 
jibs are fixed near the top of the building, a good heavy parapet or 
cornice is of advantage to keep the wall steady. 

The pins of the two leading wheels at the top bearing should be 
at right angles with the chain when taut. The grooves should be 
made wide, and the fianges of sufficient depth to just clear each other ; 
this prevents the chain getting jambed when it is slack and the load 
is off. One or more guide rollers must be fixed between the head of 
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the jib, and the above rollers, for the chain to rest on when slack ; 
the chain, should not touch the rollers when the load is on. These 
rollers should be bushed with gun-metal, and run on turned steel 
pins, 1^ inch to 1^ inch diameter. 

Arrangements should be made for oiling the top and bottom 
bearings of the jib by means of small pipes passed through the 
walls. At the lower bearing the crane post should rest on three 
steel discs fitted to the step plate ; these discs should be coned on 
both sides to reduce the friction. 

The Chain should be -^ to J-inch diameter, according to the 
load, and be provided with a spring hook and a ball fixed a short 
distance above the same, this must be leaded on to the chain to 
prevent it shifting. The weight of the ball should be sufficient to 
overhaul the chain when running down without a load. The chain 
of a steam crane or hoist working at a rapid rate should be changed 
at least once per month, and be most carefully examined in order to 
detect any flaws in the links, it should be passed through the fire 
and well annealed. When there is any sign of wear in the links the 
chain should be reversed ; in all cases spare chains should be kept 
in readiness in case of emergency. 

Swinging Gear is not usually attached to hoists of this class, on 
account of their rapidity in working. The Author designed, some 
years ago, an arrangement of springs, levers, and counter- weights to 
keep the jibs at any required angle. A guard chain is fastened at 
one end to the front of the warehouse wall, and at the other to the 
head of the jib ; the length of this chain is, of course, adjustable to 
suit the position of the jibs. The gear works perfectly, and the 
goods are swung more rapidly by it than by the steam cylinders 
before described. 

Spring Buffers are fixed on the warehouse wall at the level of the 
pin of the grooved wheel, to take the shock of the jib when pulled in 
by a slack rope directly the load is landed; the self-acting gear 
pulls the jib out again, as the chain descends for the next load. 
The jib may be kept at any angle desired by a special arrangement 
of springs; these buffers stand heavy wear, and are perfectly 
successful. 

The speed of these hoists is about 250 feet per minute. The 
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weight of each bale of wool is about 3 cwt. Ihe quantity unloaded 
at a large warehouse in London by five cranes is about 1,000 bales 
of wool in eleven hours. Each crane requires the attendance of two 
men — one at the hoist^ and one to take off and wheel the bales 
away. 

The boilers to work the cranes may be either multitubular or 
Cornish ; if the former a less diameter and length will do than in 
the latter case, and where space is an object this wants careful 
consideration. 

At another large wool warehouse they had five cranes capable of 
lifting 20 cwt. each, and one to lift about 5 cwt. ; they were worked 
by one 20 nominal horse-power boiler, at a pressure of 55 to 60 lbs. 
per square inch. The coal consumed is about 2 cwt. per hour, at a 
cost of about 168. per ton, delirered into the boiler house. 

One crane working ten hours will land 120 tons of goods, with an 
average lift of 20 feet ; this allows time for clearing the goods away. 
Comparing this with hand power : to lift 12 cwt. 20 feet, five men 
will be required, and about 168 cwt. will be lifted per hour. 

The cost of coal for five or six such cranes, in full work, will be 
about 4s. 6d. per day of ten or eleven hours (when coals are at an 
average price, say, 16s. to IBs. per ton). This assumes that all the 
cylinders, pipes, and other parts have been well protected by felting 
or composition, and that every care has been taken to avoid loss of 
steam. 

The work done varies at different places, and much depends 
upon the class of work. Steam of the required pressure is always 
ready at a wharf or warehouse, so as to be able to clear any goods 
from craft that may arrive without notice. 

The Author thought it would be advisable to give data from 
actual work performed, rather than any theoretical deduction from 
any experiments spread over a short time. He had an opportunity 
some years since to test the difference in cost between hydraulic 
and steam power, the result being much in the favour of the latter. 
It is needless to say the saving effected between steam and hand 
power is very large ; in all such cases the whole of the expenses 
should be taken into account in the same manner as before named 
for hydraulic machinery. 
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The hoUers for the supply of steam should always bo placed in 
a separate fire-proof bnilding, so that the rates of insurance are 
not afiected. In some cases, where only two cranes are worked, a 
gas engine or boiler can be used with advantage, although the cost 
of working, as elsewhere stated, is much more than with a steam 
boiler. The gas engine is, however, far more economical than 
the gas boiler, and possesses this advantage — there is no risk of 
explosion. 

PoBTABLE Steam Hoists. 

These machines are suitable for employment in temporary out- 
door works ; the Author has adopted them with much advantage 
during the construction of large buildings of the warehouse type. 
Great saving in time and labour is effected in the raising of materials, 
the men are kept well served, and the laborious work of carrying 
stone, bricks and mortar, &c., up and down ladders, is avoided. 

The best form of construction is to place a vertical cross tube 
boiler on a cast-iron truck mounted on four wheels ; in front of the 
boiler the hoisting- engine may be placed, the most suitable type is 
that shown in Drawings Nos. 66, 68, mostly used for warehouse hoists. 
The lifting barrel may either be placed direct on the crank-shaft, or, 
as an intermediate shaft with a pair of spur wheels, may be employed 
in the manner shown ; in the former case the steam cylinders may be 
7 inches diameter and 14 inches stroke, and in the latter 6 inches 
diameter and 12 inches stroke, the wheel gear being in the proportion 
of 5 to 1. No swinging gear is required. The pressure of steam 
should be .45 lbs. per square inch, and the speed of the chain about 
200 feet per minute. The lifting is performed by a chain passing 
from the barrel of the hoist over a grooved wheel placed about 8 feet 
above the highest floor or stage to which the loads have to be raised. 
It is advisable to carry the chain direct from the barrel to the top 
wheel without the intervention of leading wheels, as these much 
increase the friction, and also the wear of the chains. In some places 
a separate boiler may be available, from which steam may be ob- 
tained to work the hoist ; in this case the (portable) boiler may be 
omitted on the truck. There are several systems of raising materials 
by these hoists : — 

K 
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1. By forming a Bhoot or well-hole the whole height to be raised. 
The stones, bricks, as well as the mortar, are put into barrows, which 
are attached to the lifting chain by three slings and specially-made 
hooks. 

2. By forming rough framing provided with two T-iron guides, 
and a cage running between the guides on which the barrows or 
trucks of stone, bricks and mortar are run on. This latter plan is 
the most satisfactory ; the cost of erection does not much exceed the 
shoot in No. 1 plan. 

TruchB for carrying bricks as well as mortar should be made 
of iron, circular at the bottom, hung on three wheels, the front 
one being made to swivel. The body of the truck should be sus- 
pended on trunnions, so as to easily tip out the contents. 

Portable Hoists may also be driven by Brotherhood's three-cylinder 
engine, attached direct to the barrel, in the same manner as for the 
hydraulic hoists described at p. 67. This is a very compact form, 
and not more expensive as to first cost than the engines named above ; 
it possesses the advantage that the engine is entirely enclosed and so 
kept free from dirt and dust, much less wear takes place, and from 
the simplicity of construction it is not so liable to break down; 
all parts of the engine being balanced, they work with less shock 
and vibration than an ordinary engine. 

Hoists driven hy WiUans* Engine, — The barrels may also be 
attached direct to the crank-shaft of one of these engines ; all work- 
ing parts being enclosed, as in the case of the last-named engines, 
they are thus kept free from dirt and dust. The cost of this type of 
engine is somewhat more than the ordinary kind. 

Wabehouse Gbakes driven by a Fixed Engine. 

Where several cranes are placed in one line, or on one side of 
a warehouse, the following plan is sometimes adopted. This con- 
sists of one fixed engine, with shafting, connected to barrel hoist- 
ing gear either worked by cone clutches in the way described at 
p. 132, or by patent frictional gear (see Drawings Nos. 71, 72, 73). 
The cost of working on this plan is much increased on account of 
the extra friction of the shafting and gear, and the heavy work 
thrown on to the engine by the cranes situated near the end of the 
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shafting. If any hoists or lifts are used, they can also be driven off 
any shafting near them. The Author does not recommend this 
plan for warehouse purposes, unless under special circumstances, 
where the systems before described cannot be adopted, or where 
there happens to be an engine near which is used for other purposes 
of the establishment. It must always be borne in mind that the 
power should be placed as near as possible to the work to be done ; 
hence great advantage is obtained by the use of self-contained hoists, 
over any system worked by shafting and gear. 

In places where a boiler cannot be fixed, steam is sometimes hired 
from an adjoining factory, and where power is only occasionally 
required, it is a most economical arrangement. The rent is usually 
charged at per week of sixty hours, according to the time the 
machinery runs; a fair charge for this is 10a. per week of sixty 
hours per LHP. when used regularly, and 145 when only occa- 
sionally required. 

In cases where special hoisting engines are not adopted as described 
at p. 123, and when the hoisting apparatus has to be driven by engine- 
power used for other purposes, the following machinery is suitable. 

Babbel DmvEN by Patent Fbictional Geab. 

Barrel gear for raising hops, malt, sacks of rice, com, flour, &c., 
the above apparatus is to be recommended, especially where steam 
power for other purposes is required for carrying on the business (see 
Drawing No. 71) ; it is constructed in the following manner : — 

The barrel is generally made about 9 or 10 inches in diameter, 
the length being proportioned according to the height to be lifted ; 
the large friction wheel is keyed on the barrel shaft; a small 
eounter-shaft pinion carries the smaller wheel, or the counter-shaft is 
driven by belt from the main shafting, or the pinion may be keyed 
on the main shaft. The shaft of the barrel is provided with eccentric 
bearings, and by means of levers connected to each end, the two 
wheels are brought into contact, and motion is given to the barrel. 

The brake gear consists of a solid block of beech turned to fit the 
periphery of the wheel ; this is fixed in a cast-iron box or shoe, and 
by means of screws is made capable of adjustment as it wears; 
much care must be used in fixing the brake-box rigidly ; it must not 
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be allowed to spring in any way. A counter-weight is provided to 
keep the large wheel on the brake. 

To work the barrel only one rope is required ; the man pvJh into 
gear and lets the rope go when he wishes to put on the brake, and 
when lowering the load he holds the rope slack. 

8elf-Aeting Stopping Gear is attached to prevent accident^ and 
stop the lifting at the highest and lowest points of its travel. 

All the work must be of the best class, the spindles made large^ 
and the bearings equal to at least two diameters in length; the 
plummer blocks must be firmly fixed, and the timbers strong, to 
prevent any springing or vibration. The 8wseets of the working 
entirely depends upon the careful proportion of the parts and perfectly 
true workmanship. This type of apparatus was improved in many 
essential respects some years since by the Author, who has used it 
largely at many important works carried out under his direction. 



Double Babrel Cone Geab (Drawing No. 73). 

Barrels for raising goods are constructed in much the same 
manner as before described, except that they are driven by cone 
clutches instead of frictional gear. In the example shown in the 
drawing there are two barrels constructed in the following way. 
At each end of the barrels they are provided with cones, at the 
centre a fixed two-faced cone b keyed on the shaft which is common 
to the two barrels. At either end a sliding cone working on feathers 
on the shaft is thrown in and out of gear by two clutch levers, 
directly they are thrown into gear the two parts of the clutch at 
the ends of each of the barrels grip and are set in motion. The 
barrels are bushed with gun metal at the bosses and run loose on the 
shaft. Automatic gear is attached to strike out the cones when the 
highest point is reached. The shaft is driven by belt gear, either 
barrel can be thrown in and out of gear independently. The goods 
are raised by a rope or chain, if the former, one made of leather is 
preferable. The barrels are 10 inches diameter and about 24 inches 
long, the cones 21 j^ inches diameter, and the shaft 3^ inches diameter, 
the speed of the lifting rope or chain is from 200 to 250 feet per 
minute. The amount of work to be done will decide whether double 
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or single barrels, as shown in Drawing No. 72, and hereafter 
described, shonld be employed. This system of lifting by barrels is 
one of the most rapid means in use at the present day. When the 
hoists are placed some distance from the shafting and gear of the 
place it is adyisable to adopt hoisting engines as before described. 

Cone Babbel HoisxiNa Appabatus. 

This gear is for the purpose of raising sacks of com, flonr, beans, 
peas, &c., as well as bags and bales of wool, rags, hay, grasses, and 
like goods. The details are shown in Drawing No. 72; which 
also apply to the double barrel gear, described at p. 132. It is con- 
structed with a hollow barrel, 9 inches or 10 inches diameter and 
about 24 inches long, provided with a cone at each end 17^ inches 
diameter, the angle of the cone is 45"^ ; this requires much care, as 
on the proper angle and fit of the cones very much depends the 
accurate working of the apparatus. The barrel is bushed with gun 
metal at each boss, and runs free upon a shaft 3^ inches diameter. 
At one end, at A, a cone is keyed on, and at the other end, at B, a 
cone clutch sliding on a feather on the shaft is provided. A 
lever, G, fitted with gun-metal nogs, is also provided, and by its 
means the clutches at both ends of the barrel are brought into gear. 
A break wheel, D, 28 inches diameter, is formed on one of the cones 
on the barrel ; this is fitted with a wrought-iron brake strap lined 
with wood, the lever is weighted to keep the brake on ; it is released 
by means of the hand rope. Automatic gear is arranged, by which 
means the cone clutches are thrown out of gear and the brake put 
on before it can overrun the highest point of the lift. Either a 
hemp or hide rope or a crane chain may be used; either of the 
former, unless much exposed to the weather, is to be preferred. For 
raising weights of 10 cwt., this should be 3 inches circumference in 
the case of ropes, and for chain ^-inch diameter is sufficient. The 
speed of the lifting rope or chain is about 200 to 250 feet per 
minute. The apparatus can either be constructed with a single 
barrel as shown, or a double barrel, as in the last example, according 
to the work to be done. In granaries, maltings, and breweries, the 
men acquire, after some practice, the most complete control over the 
apparatus, and can manipulate it at will« 
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The exterior of the barrel should be tamed, and the length made 
sufficient to wind on the whole of the rope or chain without any 
overlap, allowing sufficient length for two or three laps on the 
barrel when it is fully run out. All the fixings of the bearings and 
other parts must be rigidly made, as no deflection or vibration must 
be permitted. The shaft of the barrel may be driven by tooth-wheels 
or pulley and belt gear; the latter is usually preferred when the 
driving gear is under cover and not exposed to steam or vapour. 



Slack Belt Geab. 

The barrel is made as before, a large double-flanged pulley is 
keyed on the same shaft. It is worked by a slack leather belt, and is 
driven direct from any convenient shafting. It is brought into gear by 
a long lever provided with a small flanged tightening pulley at the 
end. The barrel shaft also has a brake attached, and is provided 
with brake lever gear and rope. The working lever has a counter* 
weight to take it out of gear directly the man operating it lets 
go the working rope, and at the same time the brake can be put on. 

This plan is only suitable for one or two sacks of com, flour, &c., 
and is usually made to lift at a high speed, and in some cases is 
arranged with a double chain, one on each end of the barrel, to coil 
off and on ; the end of each chain has a large ring to form a running 
noose for the sacks. 

The pulleys to give motion should be large in diameter, wide and 
turned (but not too smooth) on the rim and edges of the flanges ; 
and should be coned to give a grip to the belt, which should be 
^ inch to 1 inch less in width than the distance between the flanges 
of the pulleys. It is better to avoid lacing this belt ; it should be 
riveted at the joints, or strap fasteners may be used. It is advisable 
to examine the belt occasionally, to see of the joints are perfect, as 
otherwise there is a liability to accidents if the belt breaks. Stout 
single belts are the most suitable ; they are more pliable, and give 
a better bite or grip on the pulleys than double belts. 

Self 'Acting Throwing-Out Gear is also provided for this apparatus 
of the same description as before named. 

Barrel Apparatus is usually fixed in pent-houses overhanging 
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tbe road or waterway, the floor of the honse having two sets of oak 
flaps, hung on leather hinges (where the lift is double), with a hole 
for the rope to pass through. The timbers of this house should be 
made rigid, and fitted to stand hard work, so as not to communicate 
any yibration to the building. The Author advises that these pro- 
jecting timbers, or jibs, should be carried some distance back into the 
building, and be framed into strong timbers, and properly stayed 
and strutted. The sides of the pent-house should be enclosed, to 
protect the men from the weather when working. The quickest 
method of working is to raise one or two sacks at a time. Much 
loss of time takes place when more are raised, both in putting on 
and taking off the load. 

The speed of the chain or rope is usually 200 to 250 feet per 
minute. When chains are used they should be i inch to ^ inch in 
diameter, short link, with a round ring at the end to form a loop for 
the sacks. When ropes are adopted, they should be made of leather, 
as they are better able to stand exposure to the weather. 



Steam Capstans. 

These are useful in yards and depdts ; they are made on much the 
same plan as the hydraulic capstans described at p. 38, except that 
there are only two cylinders, and the valve arrangement is somewhat 
different. All the pipes, cylinders, and steam chambers should be 
coated, and the pipes kept free from condense water by the use of 
condense boxes, which should be carefully adjusted. By means of 
leading pulleys, trucks, &c., can be drawn in any direction, as in the 
case of the hydraulic capstans. With regard to the steam pipes, see 
remarks at p. 155, on steam cranes, which equally apply in this case. 

There are many other kinds of steam lifting and hauling 
apparatus capable of being applied in many special cases ; they are 
not, however, as a rule, of sufficient importance to need a description 
here. 

Eleotbio Poweb HAULma and LiFTiNa Maohineby. — ^Electric 
power capstans are made as far as the upper part, viz., the base 
plate, revolving head and spindle, in much the same manner as the 
hydraulic capstan described at p. 38. The vertical spindle on which 
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the head is keyed is carried in a bearing on the base plate, and also 
in a lower one placed in a frame attached to the nnderside of the 
base plate. On this spindle and between these bearings, either a 
frictional or spnr wheel is provided, which gears into a correspond- 
ing pinion keyed on the armatnre of the motor. 

The Electrie Motor is attached to the nnder part of the base plate, 
and is encased to keep it free from dirt and dust. The size of the 
motor is proportioned to the work to be done ; it is usually worked at 
80 volts, and should be capable of giving a sufficient quantity in 
amperes to allow a slight margin of power. The current is obtained 
from any convenient wire or conductor, and is first passed through 
a frame of resistance coils, from which, by means of switches, the 
requisite power is conducted to the motor. A separate switch is 
provided for starting and stopping the machine. In cases where 
these capstans are placed in isolated positions, electric power is very 
convenient for working them, especially in instances where neither 
steam nor hydraulic power could be conveniently applied. 



8-ToN Elboteio Power Wharf Crane. 

This crane is placed on the wharf at the river side at Messrs. 
Willans and Bobinson's works at Thames Ditton, Surrey; the 
Author believes this is one of the first instances in which electric 
power has been adopted for raising such weights. He had the 
privilege of seeing the working of the crane. The loads are handled 
with the greatest facility. Arrangements are made in the gear for 
raising light loads at a quick pace. The crane is constructed in the 
following manner: — ^The post on which the crane turns is of 
wrought-iron, and is fixed in a base plate, resting upon the stone 
and concrete foundation. The framing carrying the barrels, and all 
the lifting and other gear, is also of wrought iron well framed 
together. The jib is 24 feet radius, and is formed of two channel 
iron girders which are attached to the side frames of the crane at 
the base ; and at the top carries a chain wheel 2 feet diameter ; an 
extra grooved wheel is provided for the wire-rope to run on, by 
which the light loads are raised. The jib can be raised and lowered 
so as to alter the radius as required, the cheeks are strongly stayed, 
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and carry gaide rollers for the chain .to rest on when slack. The 
gear consists of fast and loose pulleys (driven by belts), which are 
keyed on to spindles haying spur, bevel, and worm wheel gear at- 
tached. The crane is swnng by gear of the same description. The 
lifting chain is ^f inch diameter at the link, and the chain for 
raising and lowering the jib is ^ inch diameter. An extra barrel 
is provided to coil the wire rope nsed for light loads. 

The Electric Motor is placed on the movable bed plate at the back 
part of the crane; it is about 8 B.HP., and uses a current of 
90 amperes at 80 volts ; it is wound as a shunt-motor, so as to be 
self-governing. 

The motor is made by the Electric Construction Corporation, 
Limited. The power is obtained from a conductor led overhead, and 
taken down at the post to a frame of resistance coils. A switch 
is provided to vary the speed according to the work to be done ; 
another switch is also employed to start and stop the motor. The 
magnet of the motor is separately excited. The speed of lifting 
and swinging is the same as in steam cranes. The cost of working 
is much less ; no exact trials have, however, been made as to this at 
present. As this crane is placed some distance from the main 
boilers, some loss would usually take place by condensation in 
the steam pipes, especially when the crane was standing. 

The crane was made by Messrs. Grafton & Co. ; it is a substan- 
tial piece of work, and without any unnecessary complication in its 
working parts. The experience of the working has been very 
satisfactory; the firm have extended the power for driving other 
machines with equal satisfaction. 



Eleotbio Power HoiSTiNa Enoines. 

These engines, except as to the steam cylinders, which are 
omitted, are constructed in much the same manner as those named 
at pp. 124, 126 respectively for quick speeds and light loads, and 
those for heavier work. A slight but not material modification in 
some of the details is necessary. 

The electric motor is proportioned in power to the load to be 
raised. Taking a hoist capable of raising 20 cwt. at the rate of 
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100 feet per minute, the motor should be about 7 B.HP., and 
should giye about 80 amperes at 80 volts. The motor is placed 
at one end of the engine side-frame, and is attached to the 
bed-plate and connected with the driving-shaft of the hoist, either 
by spur or patent frictional gear. The latter is the most pre- 
ferable arrangement, and is noiseless in working. This system 
of working is described at p. 124. By this plan there is only 
one working lever required, by which the lift may be started 
and stopped, and the weights lowered. The current is obtained 
from a convenient wire or conductor, either laid in a trench under- 
ground, or suspended overhead. The current first passes through a 
frame of resistance coils, and by means of a switch attached thereto, 
the requisite power is communicated to the motor. An extra B?dtch 
is provided for starting and stopping the motor. The man has the 
fullest control of the machine, and can work it as readily as in the 
case of the steam hoists before described. When these hoisting 
engines are distributed in places at some distance apart, much 
advantage is attained by electric over steam power, principally 
owing to the condensation of steam in the pipes leading from the 
main boilers. The form of these electric hoists may be modified 
to suit special cases, the power can be adapted to most of the types 
of steam hoists already described. 
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CHAPTER II. 

STEAM LIFTS FOB GOODS. 

Steam lifts for raising goods may be worked by any of the before- 
named steam hoists ; the steam can be conveyed some distance from 
the boiler to work the same, as in the case of the cranes. The goods 
are either raised in a cage, or on a table or platform ; the cage 
is snspended by a wire or hemp rope or a chain. It is gnided at the 
sides by short rubbing guides attached to the top and bottom of the 
cage. The gnide-bars are either L-iron, or cast-iron with planed 
Y-facea Part of the weight of the cage is taken by a counterbalance 
weight. 

Lift fob 12 Cwr. 

The Cages are constructed with a L-iron frame at bottom and top, 
3 inches by 3 inches by i inch ; they are strongly braced together, 
the floor is of oak, 1^ inch thick, and the top and sides of pine, f inch 
thick ; rubbing guides, lined with gun-metal (in case of passenger 
lifts), are fixed at the top and bottom of the cage. Safety gear is 
provided to prevent accident in case the rope breaks (see p. 140) ; a 
suitable size for average cages is 5 feet by 4 feet by 6 feet 6 inches 
high inside dimension. 

Omd&iars should either be cast-iron planed on the faces, or 
wrought T iron, not less than 3 inches by 3 inches by f inch, well 
fixed to timbers or stone templates built in the side walls. These 
bars should be erected perfectly vertical, and dead plumb all ways, 
firmly bolted, and should be most carefully fixed at the joints, to 
prevent any movement or friction at these points. 

Caunter-hdlances should be provided, taking part of the weight of 
the cage. They should be flat in shape, about 18 inches to 20 inches 
wide and 4 inches thick, and have planed grooves at the sides, and 
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should work in 2-iiich L-iron guides; these guides must also be 
fixed vertically, and the edges carefully filed to prevent undue 
friction and noise in working. 

BopeSy either of hemp or leather, and in some cases (chains, are used 
to lift the cages. The rope for the balance may either be of hemp, 
wire, or leather, or in some cases also a chain may be used. The ropes 
work over a top wheel, which should be of a large size, say, 2 feet in 
diameter, turned in the groove to save friction and injury to the rope ; 
the wheel should be keyed to a shaft working in gun-metal bearings. 
In some cases the lifting rope is coiled direct on to the barrel, when 
this is placed immediately over the cage of the lift. The rope- wheel 
for the counter-balance is made of a diameter equal to the distance 
between the centre of the cage and the centre of the working edge 
of the L-iron guide-bars. 

Working Gear, — The lifts are operated from the inside of the cage 
either by ropes or rods, giving motion, by means of levers and links, 
to the valves of the hoisting engines or the driving gear of the barrel. 

The position of the engine and the gear must depend upon 
circumstances; it is not material to its successful working; a 
position about midway on the floors is convenient, or it may be 
placed near the top or bottom of the building. 

Safety Gear (Drawing No. 69). — This should be fixed on the top 
of the cage of every lift, to prevent accident in case of fracture of the 
rope or chain. The following is a description of a plan designed by 
and worked for many years under the superintendence of the Author. 

The guide-bars for the cage in this case are fixed on two timbers, 
wrought on the two sides and faces ; these timbers must be erected 
perfectly vertical, and made true on all sides. At the top of the 
cage a shaft is fixed, having one eccentric or cam wheel keyed on at 
each end of same. On the other sides of the timbers two toothed or 
serrated racks are fixed ; the lifting rope is attached to the top of 
this apparatus, and by means of an arrangement of levers, &c., 
directly it breaks, the cams are thrown into gear, and jamb the 
timbers on each side, and so stop the fall of the cage. When the 
lift is running at a speed of, say, 150 feet per minute, the fall of the 
cage at a fracture of the rope does not exceed 3 inches. Many 
plans have been tried and failed, and, after careful study of such 
failures, the Author introduced the above, and he is happy to say it 
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has worked both safely and snccessfally. Particular attention is 
drawn to this most important subject, as many yery serious accidents 
have occurred, especially in the cotton districts, where lifts are so 
largely used. Some years since, the Author made a careful inquiry 
and personal examination into all that had been done in applying 
safety apparatus to lifts, and in Manchester more especially, by the 
courtesy of several of the leading warehouse proprietors, he was 
allowed to examine their various apparatus. In many cases it was 
of the most complicated kind, and when he endeavoured to bring it 
it into action, it failed. As in very few of these places they had 
experienced any serious accidents — chiefly owing to the good quality 
of the lifts, and the great care given to the ropes — while not making 
them indifferent to any good apparatus that might be offered 
them, they had relied upon what they had been accustomed to use. 
Since this time many very good apparatus have been brought out 
and successfully applied, and the Author can state, from personal 
experience, that many very serious accidents have been avoided by 
their use. He is of opinion that the Legislature should make it 
compulsory for all users of lifts to have safety gear attached. 

Steam lifts are used for a variety of purposes, but with the 
exception of a variation in their sizes and strengths, to suit the loads 
they have to deal with, the general design need not differ from 
that above described ; there are, however, some special applications 
that deserve some notice. 



EkdIiSss Cnim Lift fob pAssEKaEBS. 

The first application of this kind of lift was about forty years 
since at the General Post Office, St. Martin's-le-Grand. Lifts of 
this kind have been adopted elsewhere; but although they differ 
in slight details, the general principle remains the same. A suitable 
way of constructing lifts of this kind is in the following manner : — 

The lift consists of two endless steel chains passing over top and 
bottom specially-made pulleys. To these chains are attached at 
certain intervals the tables or platforms to carry the passengers ; as 
each of these tables comes level with the various floors, the person 
wishing to ascend or descend has only to step on or off the table, and 
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be carried to any floor he yriahes, haTing then only to step out when 
the table is about level with the floor where he wants to alight. The 
speed is rather slow, to prevent accident ; they are not, howeyer, to 
be recommended where it is convenient to apply any other Idnd of 
lift. The links of the chains should be made of steel, with drilled 
holes, and tnmed steel pins carefully fitted. The gnide-bars should 
be cast iron, planed, and erected perfectly vertical. The machinery 
for working is usually a small horizontal engine, this may either be 
worked by steam boiler, or by a gas engiua This latter is some- 
what more costly in daily working; but as there is no dirt or 
dust, no skilled attendant required, and the rate for insurance not 
being a£fected, in many cases its use may be recommended. 

This class of machinery requires the most careful examination 
from time to time. Owing to the number of moving parts, and the 
strains to which they are exposed, the work should be of the highest 
class, and the mateiial of the best description. 

ExanUnation of Lifts. — ^Lifts of every description should be 
examined at certain fixed periods by competent people; it is not 
only unsafe to neglect this precaution, but in the end proves false 
economy, without taking into account the serious risks that may 
occur to human life. Much loss may be saved by repairs being 
made in proper time. Cheap machinery, especially of this class, 
is to be avoided; well-designed and properly-executed work will 
always prove not only the most effective, but the most economical. 
When it is possible to avoid it, lifts suspended from a rope or chain 
should not be used for passengers. 



Lifts fob BAisiNa Obe at Blast Fttbkaoes. 

One very notable one was erected some years since by Messrs. 
Samuelson & Co., at their furnaces at Middlesborough. It is of 
the direct-acting class, very safe in working, but of necessity rather 
costly in construction, and not quite so economically worked as the 
ordinary hoists, owing to the unavoidable condensation of the steam 
in the cylinders. The average weight of a loaded truck is 14 tons, 
the height lifted is 40 feet. The hoist consists of an inverted steam 
cylinder, 38 inches in diameter, by 40-feet stroke, made in several 
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lengths, flanged and bolted together; the pisfon-rod is connected 
to the crosshead of the caga The load is raised by the direct action 
of steam on the piston and rod, and is lowered by exhausting the 
steam, which is passed to the other side of the piston to keep it 
warm. The actual exhaust takes place on the next upward stroke. 
The simplicity of action and safety well compensate for any want of 
economy in the steam used in daily working. The Author belieyes 
this hoist is unique of its kind, and is not aware of any other having 
been erected in this country. This type of lift would be suitable 
for raising goods, when the height does not exceed 15 to 20 feet, 
especially in cases where it is not necessary to sink the steam 
cylinder in a well in the ground. 

Various Lifts. — ^There are various other kinds of lifts, both for 
passengers and goods, in occasional use ; but as many of them cannot, 
with due regard to safety, be recommended, it is not necessary here 
to enter into detail as to same. 



Elboibio Power Lifiikg Apparatus for Gk>ODS and PASsENasBS. 

These Ufts, as fEu: as their general construction is concerned, are 
much the same as for steam lifts described at p. 139. The cages, 
guide-bars, counter-balances, ropes for lifting, &c., require but little 
if any modification. The cages are raised by two wire ropes, which 
wind upon a barrel about 18 inches diameter ; the counter-balance 
may either be run over a grooved pulley or wound ofif on the other 
side of each end of the drum, over two grooved wheels to the 
balance. The electric motor to work the lift is preferably placed at 
the top of the lift hole. If, however, circumstances render it more 
convenient, it may be situated at the bottom ; the position is not of 
any material consequence, provided it is kept free from dirt and 
dust. For a 10-cwt. lift, to work at a speed of about 100 feet per 
minute, the motor should give about 30 amperes at 80 volts ; the 
current is obtained from any convenient wire or conductor. It is 
first passed through a frame of resistance coils, from which, by 
means of a switch attached to it, the requisite amount of power may 
be communicated to the motor through another switch, which pro- 
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Tides the means of starting and stopping. A special arrangement is 
made for lowering. The power applied, and the speed of raising the 
load, can he adjusted as desired. As a rule, lifts of this kind, 
especially for passengers, should not exceed 120 feet per minute. 
For the latter purpose, two wire ropes should always be employed, 
coiling on to drums not less than 18 inches diameter. The counter- 
balance should also be worked by a wire rope passing oyer an 
18-inch diameter wheel, turned in the groove as described above. 
A safety apparatus should be attached to the cage, constructed in 
the manner described at p. 140. 

Electric Potoer, as applied to lifts, is most convenient in places 
where it can be easily obtained ; when this is from the cable of a 
public supply company, it is available by day and night. No special 
attendant need be kept on the spot, as it can be easily and readily 
started by any one who has received some previous instruction. In 
the case of other power lifts, except the self-acting hydraulic power, 
attendants are required to attend to the engines and boilers. There 
are many cases where they may be employed with much advantage, 
more especially for light loads and where the lifts are placed in 
isolated positions. The same remarks as those made in reference to 
the electric cranes and hoists equally apply in this instance. 
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CHAPTEE m. 

8tbau tsayeliiebs, hoists, oabriebs akd elbyatobs. 

Steau Tbayellebs. 

Teayellebs for use in workshops aad yards are constructed in the 
following manner. The girders shonld be made of wrought iron, 
and either be lattice or plate girders ; the end carriages shonld also 
be girders of wrought iron, hung at each side on two large cast- 
iron wheels which run on the rails of the gantry. These wheels 
should be proYided with double flanges, and be well spread as to 
the distance between the centres, to giYo a good base, and so proYent 
twisting. On the top of these girders, light rails are fixed for the 
traYcller to work on. The gear for lifting should be fixed to wrought- 
iron frames hung on four flanged wheels, as before described ; single 
and double purchase should be proYided to suit the Yarious loads, 
this apparatus is made in much the same manner as a crab. 

There are scYeral ways of working the traYellers: First, by 
shafting ; in this case a long square shaft runs down one side of the 
gantry, on which a wheel with a square hole slides, and by means 
of gear moYes the traYeller as desired : the shaft is driYcn by the 
general engine. Second, by steam boiler working a steam crab; 
this latter plan is most suitable for outdoor work, especially where 
the traYellers are placed at some distance from each other, and must 
be worked quite independently. The man to work the apparatus in 
this case stands upon a platform attached to the girders ; in the 
former case he may stand upon the floor or on the girders of the 
traYeller. Third, by endless ropes driYcn from the main shafting 
of the place; this gear has lately come Yery much into use, and 
answers its purpose admirably. 
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25-ToK Steah Tbayelleb. 

This machine is snitahle for use in large engineering works. For 
inside work, a gantry should be prepared by fixing side tram rails 
at a suitable height on cast-iron brackets built into the walls, or 
attached to the side girders of the shop. For outside work, an 
independent gantry has usually to be erected, either constructed 
of timber or ironwork, according to conyenience. Iron, although 
rather dearer as to first cost, is, on account of its lasting power, 
perhaps the most economical in the end. 

The traveller is 42 feet span, and represents an ayerage width of 
shop ; for longer spans than this, and to lift 25 tons, the girders 
become too heayy. The cross girders may either be made in the 
box form or constructed as lattice girders, and made of proportionate 
depth and scantling. The girders at each end are framed into 
longitudinal girders or end frames, about 8 feet long and 1 foot 
6 inches deep; they are supported at each side on two double- 
flanged tram wheels, 20 inches diameter. 

Motion for Lifting. — ^This consists of two chain barrels, one for 
heayy and one for light loads ; either chain can' be readily put in 
and out of gear. The barrels are made of sufficient diameter to lift 
the whole height without overlapping. Two speeds are provided for 
each chain-barrel. All the shafts and spindles are of steel. The 
longitudinal motion is worked by shafting and spur gearing ; it is 
geared at each end to the driving axle, to ensure that the traveller 
moves parallel to the rails. All the motions are put in and out of 
gear by belts, under the control of the man working the traveller. 
The motions are all steel geared. The traveller is moved by endless 
fast-running cotton ropes, and is operated in all its movements by 
one man, who is provided with a platform suspended below the 
girders. The lifting chains pass round movable sheaves. The 
traversing motion is much the same as usual ; it also is operated 
by the man from the platform. 
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40-ToN Steam Trayelleb. 

Trayellers ot this constinction, and worked in the manner 
described, are principallj suitable for working in yards and open 
places, such as docks, harbour works, and like purposes. The 
traveller is run upon a gantry, which may be constructed in the 
same manner as described on p. 146. The transverse girders should 
be in the box form, connected at each end by others, also in the 
box form, these latter being hung upon two flanged wheels as 
before. The span of the traveller is about 42 feet, or it may be 
made up to 50 feet if required. The height of lift is 16 feet. The 
machinery is placed on top of the girders, and consists of an iron 
frame or carriage, mounted on four flanged wheels, running on rails 
attached to the top of the girders. On this carriage a vertical 
steam boiler, 4 feet diameter by 8 feet high, is attached, and a lifting 
motion worked by two steam cylinders, 14 inches diameter and 
2 feet 6 inches stroke. All the motions for lifting and travelling 
horizontally and transversely are given by the engine ; the lifting 
gear is fitted with single and double lifting power, to give facility 
for raising either the maximum or lighter loads. The travelling 
motion is put in to gear by fdction cones ; this relieves the machine 
from the shockd to which it is liable when clutch gear of the ordinary 
kind is employed: The author introduced this system for use in 
steam cranes and hoists many years since. It has always worked in 
a perfectly satisfactory manner. For operating the longitudinal 
movement of the traveller, a square shaft is provided, fixed outside 
one of the girders ; the bearings are of the trip kind ; the driving- 
wheel on the hoisting engine slides on the shaft. At the end of the 
shaft a train of wheels is provided, which gear into the tram wheel 
motion on either side. The lifting chain is attached to the barrel 
of the hoist, and passes under a movable pulley, and is made fast 
under the frame of the hoist. The sides of the crab should be made 
of wrought-iron plates, which are strengthened with L-iron and 
made in the same manner as described for cranes at p. 108. 

Modificatum of the Traveller. — The boiler and machinery may 
be made a fixture at one end, and a small traveller truck can be 

L 2 



148 STEAM LIPTlNa MACHINERY. 

employed to carry the lifting block. By this plan the girders are 
relieved from the weight of the travelling boiler and machinery. 
These travellers, as before stated, are for use in open places ; they 
are not so suitable when placed nnder cover, on account of the 
nuisance arising from smoke and waste steam. 

Travellers of this hind are often used on « Goliath " frames, as 
described at p. 165, more especially in places where a side gantry 
cannot be used. In this case legs are attached at each end to the 
girders and side frames, mounted on two flanged wheels on each side. 
The frames and girders in some cases are made of timber. 



25-ToN EliEOTBIC POWEB TsAVELLEB. 

This is an illustration of the adoption of electric power to drive 
lifting gear of travellers ; the author believes Messrs. Willans and 
Bobinson, Limited, of Thames Ditton, Surrey, were one of the first 
firms to carry it into practical use, and to work it daily for lifting 
and moving weights of 8 tons up to a maximum of 25 tons. These 
cranes are used both in their erecting shops as well as in the foundry 
department. They both work admirably, not a single hitch has 
taken place since they were started. By the courtesy of the firm, the 
author has been permitted to examine the travellers, and having been 
kindly furnished with data, and received their help, he is enabled to 
give more particularly a description of the larger traveller which is 
used in the erecting shop. 

This traveller, and gantry on which it runs, is made of wrought- 
iron, except some part of the gear, which is of steel. 

The transverse or travelling girders of the traveller are of the 
X form, 36 inches deep at the ends, and 18 inches at the centre, the 
width of the flanges being 12 inches, and ^ inch thick ; the span 
across the gantry is 39 feet. The two girders are placed at a 
distance of about 5 feet centre to centre, and are housed into end 
girders of the box-section ; these are mounted upon double flanged 
tram-wheels, placed at 8 feet 10 inches centre to centre of the 
spindles ; it will be seen this renders the movement of the traveller 
along the gantry perfectly steady. The traverser runs in the usual 
manner on the top flanges of the main girders ; it is operated to and 
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fro by an endless rope ; the gear consists of spur and bevel wheels, 
with the addition of worm and worm-wheel gear for lifting. The 
lifting chain is 1^ inch best short link crane chain, and is fitted with a 
return block ; it is coiled on a chain-barrel or drum, and is capable of 
raising a load of 25-tons to a clear height of 25 feet above the floor 
of the shop. The wheels to move the traveller longitudinally are 
spur and bevel gear ; one tram wheel at each side is connected to a 
transverse shaft, which enables the traveller to advance regularly on 
the gantry. 

The Electric Motor giving the power to operate all the motions of 
the gear of the traveller is placed at one end of the transverse girders 
in a convenient position to the hand of the man working it, who 
stands upon a platform suspended below the transverse girders. 
The current is obtained by a wire or conductor stretched the entire 
length of the shop, and placed a short distance above the traveller 
girders ; contact is made by brushes which slide along the wire. The 
return-wire or conductor is placed at the other side of the gantry. 
When starting, the armature current is first passed through resist- 
ance coils of iron wire, a switch being provided to give the necessary 
variation of speed, and for starting, an extra switch is provided to 
make and break this circuit. The magnets of the motor are kept 
constantly excited, but can be switched ofif, if desired, for repairs. 
The object of this arrangement is to prevent the motor armature 
being short circuited, by putting the armature current on before 
the magnets are excited. The motor is about 8 B.HP., and uses 
a current of about 90 amperes at 80 volts; this is made by the 
Electric Cionstruction Corporation, Limited, and is wound as a shunt 
machine. The armature has no outside bearing, but is wound on a 
sleeve, as with all Messrs. W. and B.'s motors, and overhung on 
the rope-pulley shaft. Any of these armatures can be taken off one 
crane and put on to another, all shafts being alike. A strap is taken 
from the armature-shaft which gives motion to the spindles and shafts 
of the longitudinal gear, and an endless rope works the lifting gear 
and transverse gear ; a series of rods and levers, capable of adjust- 
ment by the hand of the operator, is provided, and the motions are 
worked by open and crossed belts. 

The speed of lifting, also moving, the traveller and its load in 
each direction is about the same as in steam travellers, and is 
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operated with the greatest ease. The cost of working is less than 
by steam-power, more especially where, as in this instance, the 
main boilers are placed some distance from the traTeller. 



FOUNDBY StBAM GbANES AND TsiiYELLEBS. 

A very nice arrangement for steam cranes for foundry work is 
constrncted in the following manner. 

The jibs are made of wrought iron, and are worked on fixed bases 
and heads. The gear to work them is fixed on top of the jibs for the 
racking out motion, and on the post for the lifting motion. A 
longitudinal shaft runs down on one or both sides of the foundry, and 
by means of an arrangement of levers and gear, four cranes can be 
worked by one man situated on a platform midway in the foundry, 
and near the wall. They are more economical as to the expense of 
working than hydraulic cranes, and are much preferred by many 
founders to ordinary trayellers for this kind of work. 

For small heights and weights, cranes may be worked by direct- 
acting steam cylinders, much in the same manner as those described 
for hydraulic power ; the cylinders and all the pipes must be clothed, 
and care taken to preyent condensation. 

Foundry cranes are also constructed the same as the aboye as 
regards the jib, the means of working being a steam hoist fixed on 
the post of jib, or near to it. In this case a man is required for 
each crane, and the cost of working is rather more than the arrange- 
ment just described. 



Endless Ghain Hoists (Drawing No. 70). 

These apparatus are yery suitable for raising casks, bales of goods, 
&c., where the action is required to be continuous and can be made 
self-feeding ; for raising casks of beer, &c., it is the most rapid system 
in use ; these hoists consist of two chains, placed a short distance 
apart, working on octagon drums situated at the highest and 
lowest points. At suitable distances ** horns," or angle grip brackets, 
are fixed to carry the cask, &c. ; the chains are kept in their position 
by stays, and work at the sides upon cast-iron friction rollers ; the 
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shafts of the octagon drnms, &c., work in two cast-iron side frames. 
At the lower part the goods slide down, or roll off, an inclined plane to 
the hoist ; in the case of casks, as the ^' horns " come round, they are 
carried up, and by means of rails placed on the npper floors and laid 
in an inclined position /rom the machine they are ran away. When 
other goods are to be raised, such as small cases, they are carried 
forward by an endless band, and by means of suitable gear* two arms 
move the package on to small tables, which are fixed to the *' horns " 
above described ; as the goods arrive at the top they are either taken 
off by hand or by gear of some simple character. 

These machines can either be fixed vertically or in an inclined 
position, and be driven from any convenient shafting or by a separate 
engine. The speed should be rather slow, to allow time for the 
goods to be pnt on and taken off the machina The links of the 
chains may be of wrought iron fitted with turned steel pins, the 
holes should be case-hardened, and the lengths of links centre to 
centre made exact. These links should be made as described at 
p. 153. 

Endless Band Gokveyobs fob Gbain, &o. (Drawing No. 74). 

A very economical way of moving grain or goods of like kind is 
by means of an endless band ; it may be made of woollen material, 
india-rubber or canvas. It works on two rollers equal to the width 
of the band ; wood bearing-rollers are fixed at intervals to support 
the same ; means of tightening the band are attached at one or both 
ends of the apparatus. When cases of goods have to be moved hori- 
zontaUy, the chain in this case is formed of two long-link iron chains, 
with narrow boards attached to the centre of each of the links. 
These boards should be made of beech. The band or chain is driven 
by a belt, and by means of a friction clutch can be made to throw 
itself out of gear in case of any obstruction to the goods when 
travelling on the band. The bands may be made 200 to 400 feet in 
length and above ; they work perfectly if well designed and properly 
constructed. It is a rapid and economical way of moving grain, &c., 
and takes very little power to work it. These bands are largely used 
by the Author for removing spent grains from mash tuns at breweries. 
Some few of the details have to be specially arranged for this pnr- 
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pose, as well as the addition of apparatus to clean the surface of the 
band; the speed has to be carefully regulated, as it is found in 
practice wet grains cannot be carried away readily unless this has 
attention. These bands work with less expenditure of power than 
the screws described below, which are occasionally employed for 
this purpose. 

WooUen bands of the above kind are also used for transferring or 
pumping liquids from one vessel to another. The speed in this case 
requires very careful adjustment, and varies with the kind of liquid. 
It is a very ingenious contrivance, and effective in action. 



Screws, ob Gbsepebs, fob Gbain, Floub, Chabgoal, &c. 

(Drawing No. 75). 

These apparatus are for the purpose of moving such goods in a 
horizontal direction; they consist of a central shaft of oast iron, 
with a helical flange cast on, to which a wrought-iron bladed screw 
is attached ; the diameter at the periphery of the screw varies from 
6 inches to 24 inches. The screw works in a wrought or cast-iron 
casing, made trough shaped, provided with top flanges and a cover ; 
at one end the driving gear is applied, and the other is provided 
with a small relief door to let the goods out in case of any stoppage. 
The shaft of the screw should be fitted with couplings to allow the 
same to be disconnected easily. The speed of the belt for malt, 
com, &c., should be about 250 feet per minute. The details of this 
apparatus vary according to the kind of goods to be moved. 



Elbvatobs, ob " Jacobs " (Drawing No. 76). 

These apparatus are well known for the purpose of raising com, 
barley, malt, and other grain, as well as charcoal, cement, &c. 

For 0<ym, MdU, dte., the endless band is made of leather, with 
tin buckets fixed to it at from 15 inches to 18 inches apart. The 
top and bottom pulleys on which the band works are enclosed in a 
casing of wood or iron, provided with suitable bearings lined with 
gun-metal. At the bottom of the casing an arrangement is made for 
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the pnrpose of tightening the band ; a yent-yalye is placed at the top 
to prevent firing ; should an explosion take place, the yalye opens 
and gives immediate relief. The pulleys should be proportioned 
according to the size of the buckets; 14 inches diameter should be 
the minimum size. The buckets must not be placed too dose 
together, or they will not deliver easily. The speed should be about 
200 feet per minute at the band. 

For Coals, Spent Hops, and ether Eeavy Ooods, the elevator is 
formed by two side chains, with iron buckets attached; the two 
chains are kept apart by wrought-iron stays, and work over cast-iron 
octagon shaped drums, placed at the top and bottom of the elevator. 
They are also used to carry up the contents of excavations, ballast, 
sand and water, &c. They are self-feeding and delivering, and 
require very little personal attention. The chains must be made in 
the same way as those described for the endless lifts, see p. 150 ; they 
should be made in a mould, and carefoUy drilled by special apparatus 
to ensure that each set of links of the 'chain are the same length on 
each side. This is for the purpose of avoiding unequal strains. 

In some of the large breweries these elevators are from 50 feet to 
60 feet high ; any inequality in the lengths of the links in such 
cases would cause an accident and stoppage to this part of the plant 
— often a very serious matter, and involving heavy losses. This is a 
case where the work should be of the highest class, and first cost not 
so much considered as good sound work. 
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CHAPTER IV. 

GENEBAL REKABES ON STEAM LIFTINa UAGHIKEBY. 

Steam power can be applied in many cases where hydraulic power 
is not admissible. The cost of working is in fayonr of steam, both 
as to coals, wear and tear, &c. ; also in the first cost, which is much 
less, thus reducing the interest on capital and sinking fund, all of 
which must be taken into consideration in forming estimates to be 
of any practical service. 

Where the insurance offices will not allow any fire, a gas engine 
can be used with much advantage ; in some cases gas boilers have 
been used, but the advantage of economy certainly is on the side of 
the gas engines. In many cases the convenience attending their use 
is so great that the cost of gas is a matter of very little moment. 

The oost of UKLOADiNa goods by steam cranes may be taken at 
5(2. to Qd. per ton ; this includes all expenses, wear and tear, interest 
on capital, and depreciation, &c., of plant. It must be borne in 
mind, the number of cranes must not exceed the trade of the place, 
or the above cost will be materially increased by the loss of dead 
capital. The cost of unloading where only one or two cranes are 
employed will exceed the above amount. The positions also of 
fixed cranes should have very careful attention to suit them to the 
special requirements of the particular class of business to be carried 
on at the place. 

Cost of working Steam Cranes compared with Hand Ldhowr. — 
The cost of working five warehouse cranes by hand labour, at one of 
the large London wharves, is £5 178. 4(2. per day. The cost of work- 
ing five warehouse steam cranes, including all expenses, labour, coal, 
wear and tear, interest and depreciation ; is 30$. per day ; the cost of 
coal per week is about 29^. 

Steam Pipes. — ^All pipes must be placed at least 6 inches clear of 
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the timbers of a bnilding, and where they pass through floor boards 
an iron plate must be fixed on them to protect them from heat. 
The same applies to pipes passing through any roof, partition, or 
timber constmction of any kind; steam wonld otherwise desiccate 
the wood, and render it short and more easily fired. It is also 
necessary to carry out snch an arrangement on aoconnt of the 
regulations of the fire offices. It is adyisable to have an interyiew 
with the snryeyor to the offices, to settle what special provisions they 
require, in order to include the work under the contract, and save 
making expensive alterations after the work has been completed. 

Pipes placed in trenches should be laid to fall to the condense 
boxes; these should not be farther apart than 60 to 80 feet. It 
is almost needless to say steam pipes must be coated with non- 
conducting composition or felted, and must be perfectly well 
protected from the weather. The trenches should be formed in 
brickwork, and of sufficient capacity to readily get at the joint of 
pipes, valves, and other connections. 

Condense pipes, fitted with petcocks, should be fixed in all steam 
cylinders, and means should also be provided to drain the steam and 
exhaust pipes, when the machines have been standing any time, to 
avoid risk from frost. 

Cast-Iron Pipes should be flanged and faced, the holes drilled and 
be well provided with expansion joints. The best kind are hollow 
copper discs ; these do not rust up and become useless in the same 
way as the old kind of sliding joints. All bends should be easy, no 
square elbows used, and where T-pieces join the main pipe, the 
junction should be curved to allow the steam to flow freely. At 
various points on the top of the main, air-cocks should be provided^ 
which should be opened every day at first starting to discharge the 
air in the entire system of the pipes ; the petcocks at the bottom of 
the pipes should also be opened to let out condense water and allow 
the steam free passage. 

WrouglU-Iron Pipes should be flanged in places, and be provided 
with means to allow of easy disconnection and also to make repairs 
expeditiously in case of accident. For this purpose the pipes should 
have valves fitted, to shut off the steam at various points. The 
same remarks as for cast-iron pipes, as to flanges, &c., apply, and 
also as to the expansion joints. 
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Cocks. — At the cranes and hoists, solid bottom cocks are better 
than yalyeSy as they allow the steam to be instantly shut ofiF in case 
of emergency ; the spanners should always be fastened by a screw, 
and shonld be chained to the cock. 

BloW'off Pipes, — ^These shonld be fitted with a cast-iron cnp and 
hood to take the condense water, and thus preyent any water falling 
on the men or on the whar^ a small pipe is carried from the bottom 
of the cnp to the base of the crane to take away the waste water. 

The Author (as before mentioned) has carried steam pipes long 
distances, in some instances 500 feet to 600 feet and upwards from 
the boilerSi and, where proper means are taken to protect them 
from the weather, and the above-named arrangements are made, yery 
small loss of pressure takes place. 

Steam Cranes, as well as other apparatus worked by steam are 
not afiected in the most severe frost, and in this way have an 
advantage over hydraulic cranes, the pipes of which are occasionally 
frozen in severe weather. 

At large wharves and other places, where the work is nearly 
constant, only one man should work each crane; it is advisable, 
however, to have men in reserve in case of illness or absence. This 
man should be made responsible for oiling and lubricating all parts, 
and keeping the crane and machinery clean. Oood wages should be 
paid to competent men of this class, and encouragement given them, 
in the shape of small advances on their wages from time to time, 
when they do their work well and safely. It is a serious mistake 
to employ incompetent or careless men for this sort of work, as, in 
the event of an accident occurring through their negligence or want 
of knowledge, heavy losses may take place, besides the possible 
to limb and life. 
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HAND POWEE LIFTING MACHINEEY. 



CHAPTER I. 

WHARF OBANES. 

7'Ton Hand Poioer Wharf Crane. — The best form of crane 
for a wharf or quay, railway yard or depdt, is constraoted in the 
manner described below. 

The posts are either cast or wrought iron fixed in a cast-iron 
bed-plate, also in a footstep in the masonry of a well, where they are 
firmly keyed, or they may be held in a boss in the base-plate in the 
same manner as described for steam and hydraulic cranes ; in this 
case no well is necessary under the crane, but a larger and heavier 
brickwork foundation is requisite, as well as more powerful holding 
bolts and plates. 

The top part of the post is turned. The side frames consist of 
two cast or wrought iron cheeks, with top and bottom distance 
pieces or frames bored out at centre, to fit the turned parts of the 
post. The bed-plate is cast iron, strongly bolted to the masonry ; 
it has a circular rack, or wheel, at the top, and a conical race for the 
guide wheels to work on« The post is turned at the part where 
it passes through the centre boss in the base-plate, and is keyed 
to it. 

The jib is of wrought iron ; it is made in the same way as described 
for steam cranes (see p. 108), or it may be of oak, fitted with top 
and bottom cast-iron shoes. At the top is a grooved chain pulley, 
16 to 18 inches in diameter, and at the base a conical friction 
pulley, which rolls on the race fixed to the base-plate. The pin 
on which the wheel runs should be turned, and the boss bushed 
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with gnn-metaL Two wronght-iron tie rods, with bored eyes at 
each end, are attached to the jib-head and the side frames, provided 
with stays and rollers to keep them apart and to take the weight of 
the chain when it is slack. 

The gear is either double or treble purchase, the barrel placed 
as low as possible, and of sufficient length to coil, say, 25 to 30 feet 
of chain without any oyerlap. The steering gear is at the back of the 
crane ; it consists of a pair of bevel wheels, one being fitted to a 
horizontal shaft, to which a winch handle is attached, and the other 
to a vertical spindle running through bearings in a column, also 
having at the lower end a spur pinion which gears into the circular 
rack on the base-plate. 

The brake wheel is usually cast on the side of the large spur 
wheel, the strap should be wrought iron lined with either oak or 
beech. The brake should never be applied on the teeth of the spur 
wheel, as it is a very dangerous practice, and serious accidents have 
happened through this cause. 

For raising heavy weights, a movable pulley attached to the 
jib-head is used; but when lighter weights are required, this is 
dispensed with. 

All wheels should be bored in the boss, and all shafts turned. 
It is advisable also to tip the tops of the teeth of the wheels. The 
pinions should have side shrouds, and not less than twelve teeth. 
The radius of the winch handles should not be more than 18 inches 
— the usual radius is 16 inches ; and the height of the centre of the 
shaft not more than 3 feet 3 inches from where the men stand 
who work the crane. 

The width of the bearings should be equal to at least 2j^ to 3 
times the diameter of the shaft. 

It is advisable to cover over the working gear by a hood, made of 
sheet iron ; this protects the machinery and also acts as a shelter for 
the men in wet weather. 

The chains should be of ample strength, and not worked to 
more than half the proof strain. It is to be further observed, when 
heavy goods are lowered by a brake, care should be taken not to 
subject the crane to heavy shocks by suddenly putting on the brake. 
A notice to this effect should be posted on the crane ; it may be the 
means of avoiding aocidents and consequent loss. 
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20-ToN Hand Powbb Whabp Crake. 

Hand power cranes for wharves, quays, railway depots, &c., for 
raising loads np to 20 tons, are constructed with wrought framing, 
jibs, and ties; the side frames are made of wrought-iron plates, 
about ^ inch thick, having L iron riveted round the outer edges ; 
the bosses which form the bearings for the shafts and spindles 
are bushed with gun-metal, and are riveted to the exterior of the 
frames. The jib is made in the form of two riveted girders, which 
are well braced and riveted together ; the lower part is made the same 
width as the distance between the inside of the side frames, and at the 
top part it is wide enough to carry a grooved chain pulley 22 inches 
diameter, which runs on a turned steel pin 2^ inches diameter, 
passing through each side plate or flange of the jib. At this point side 
plates, f inch thick and about 3 feet long, are riveted to strengthen 
the plates, and at the lower part plates are also riveted about 
I inch thick and 4 feet long. The jib is attached to the side frames 
by a turned steel bolt 3 inches diameter, which also passes through 
each of the frames! Two wrought-iron tie rods, 2^ inches diameter, 
are attached by eyes at the upper part to the pin of the chain- 
wheel, and to the top portion of the side frames at the lower part. 
Two stays or rollers turning in carriages are fastened to the top of 
the tie rods for the purpose of carrying the chain when slack. 
The winch spindle ia placed at the front part of the side frames, 
on which bearings are provided, and by means of two pairs of spur- 
wheels motion is given to the chain barrel, which is placed near 
the top of the side frames at the back part. The post is of wrought 
iron, and is stepped into the bored boss of a cast-iron base-plate, 
and to which it is keyed. The two side frames are held together by 
a cross-head or distance frame at the top, which is provided with a 
bored boss fitting the top of the crane post. At the base of the 
side frames a cast-iron distance frame is bolted between them, 
having a bored boss fitting the turned part of the post at this point ; 
the boss of the plate bears on a collar on the post. A cast-iron base- 
plate is bolted to the foundation of the crane ; it is provided with a 
turned curb or race, round which the crane travels, the lower part 
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of the jib being fitted with a conical friction roller about 16 inches 
diameter. On the inner part of the cnrb a circular rack is pro- 
vided. The steering gear is placed at the back part of the crane, 
and is worked by a separate winch-handle. A brake-wheel, strap, and 
lever are also provided, as well as clutch gear and levers for operating 
the two motions, with which the crane is fitted, for working the 
maximum or lighter loads. The chain is attached to the head of the 
jib, and passes under a movable pulley block to the top wheel, and 
from thence to the barrel on which it is coiled. The radius of the 
crane is made 20 to 25 feet to suit the work to be done. The 
approximate weight of all the crane complete is about 20 to 21 tons. 
Foundations. — ^These should be of brickwork, resting on a good 
concrete base, with a Yorkshire base stone at the top, not less than 
12 inches thick. All the work should be done in Portland cement, 
and where the soil is of a soft nature, piles should be driven, cut off 
level at the top, and then planked over; on this platform the 
concrete base should rest. It must be borne in mind, the first cost 
of a good foundation vnll be more than saved by the decreased wear 
and tear of the crane in working. 



POBTABLE CbANES. 

The general form of this class of crane, in the details of the work- 
ing gear and arrangement of the parts, is the same as above, except 
that the post should be wrought iron, and the cast-iron base-plate 
extended and fixed to a trolly or truck running on four wheels. The 
gauge of the wheels is usually made 4 feet 8^ inches, to run upon a 
public railway if required, or it may be made to any gauge to suit 
the special case ; the distance from centre to centre of the wheels 
longitudinally should be well spread, to give a good base and thus 
ensure steady working. The frame should be made of wrought-iron 
girders, well riveted together, and the base-plate of the crane 
bolted directly on the top; the side frames are made with long 
tails, to carry a counter balance box, which is capable of adjust- 
ment to suit the varying loads to be raised. In addition to the 
<$ounterbalance, the wheels must be clamped to the rails when lifting 
a load ; this is dispensed with in the case of cranes used for railway 
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work, as the trolly or truck on which the machine is placed, is made 
of snfEicient length in conjunction with the counter-weight, to keep 
it steady during the time of taking a lift. 

Wrought'Iron Jibs in both the fixed and portable cranes are 
preferable to wood, more especially in hot or wet countries; the 
wood is liable to decay, and rots or shrinks in the cast-iron sockets. 
The radius of the jib can be made adjustable, suitable to the various 
conditions of work ; this is not, however, usually done, unless special 
instructions ate given. In ordering or specifying, this should be 
expressly stated. It is not, however, desirable to have this done 
unless the work requires it, as the cranes do not work quite so 
steadily as when the jibs are of a fixed radius. 

Debbiok Osakes. 

These cranes are mostly constructed of timber ; they are made to 
take apart easily, and can be readily transported from place to place ; 
they are very suitable for use for temporary work, and either for 
light or heavy weights. They are easily and quickly taken apart 
when required to move them to another spot. The working gear is 
much the same as in the ordinary crane ; the radius of the jib is 
adjustable ; by means of a chain running over pulley blocks they can 
be fixed at a level above the top of a building during construction, 
to haul up the material ; they are usually in this case fitted to work 
by hand, steam, or hydraulic power. The gear is fixed to a bed plate 
or frame, and bolted complete to the post ; much care is necessary 
to ensure this being quite true, to avoid undue strain upon any of 
the parts. The timbers at the base in any case must be well spread, 
and either be loaded or strongly bolted to the ground or piatform on 
which it rests. The best material to use in construction is oak, but 
in most cases they are made of fir, on account of portability and 
economy as to the first cost. All the junctions of the various parts 
are made by cast iron sockets, to which the ends of the timbers are 
fitted ; the timber should be kept well painted, to preserve it from the 
action of the weather. The radius of the jibs depends upon the kind 
of work for which the crane is to be used. As a rule, they are not 
made less than 20 feet, and often as much as 45 feet. They are 
made in sizes to lift from 1 ton to about 7 tons. 
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FOUNBBY OrAKBS. 

The best kind are made with wronght-iron jibs fitted with two 
powers, one for raising light and one for heavy weights, and are 
also fitted with a racking-ont motion, which is connected by rods, 
and gear to the part of the crane near the man who works it. 

The post is made of two trongh girders with angle irons on 
the inside. The jib or top member is formed of two girders of 
the same class, leaving a space for the chain to work between. 
There are two diagonal struts of the same section which are riveted 
to the post and jib. The working gear is of the usnal kind ; the 
racking-ont motion is worked by a separate winch handle. The 
post works at the bottom in cast-iron steps firmly fixed on a stone 
base, and at the top part in a bearing fixed to the timbers of the 
roof, or in some instances to top girders or framing. 

For foreign work it is advisable to construct these cranes of 
timber, as in case of fracture they can be more easily repaired, and, 
where suitable material is at hand, the timber parts can be made on 
the spot, and so save the cost of freight and carriage ; all the parts 
can be connected by cast-iron sockets as described for derrick cranes. 
The cranes are usually made to raise loads of from 1 to 5 tons ; for 
heavier weights than this, they must be specially constructed. 

The gear in this case is self-contained in a cast-iron frame, and 
is bolted to the wood post of the crane. 



Platfobm Obakes fob LoADiKa Cabts, etc. 

These are sometimes made of timber, with gear to work them as 
before, except that in most cases an endless chain, working on to a 
spocket wheel, is used to raise the load. In this instance all the 
working gear is placed at the top part of the crane, and the post is 
thus left dear at the bottom part. 

Cast-iron steps bushed with gun metal are fixed at the top and 
bottom for the post to turn in. The pivots are made of cast iron 
provided with sockets to receive the timber. 
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In most cases this type of crane is made of wronght iron. They 
are more suitable in this form than when made of timber ; the latter 
are only to be recommended for foreign countries and isolated 
places. The author recommends those made in iron where first cost 
is not an object, as the difierence in expense is not large. 

They are usually called " whip cranes/' and are much used in 
goods' sheds and railway depots to load and unload carts and wagons. 
All the working gear being fixed at the top of the house, much room 
is saved at the loading stage, and greater rapidity of working is 
obtained by this kind of gear. 



POBTABLB FaCTOBY JiB CbANES. 

These are yery suitable for use in an engineering works for 
raising and lowering goods in and out of the various machines. The 
crane jib is made in much the same way as an ordinary jib; the post 
is supported at the base on an iron frame hung upon two double 
flanged tram wheels ; these are placed at least 6 or 7 feet centre to 
centre; they run upon one rail sunk level with the floor of the 
works. At the roof or ceiling two rails are provided, on which four 
flanged tram wheels run ; these are attached to a top bar, the wheels 
being placed at the same distance, centre to centre, as the lower 
ones. When top girders are not available the rails may be attached 
to any framing placed at a sufficient height for the jib to swing 
under. The lifting crab motion is placed near the top of the post ; 
it is worked by an endless chain, which reaches to the floor. The 
crane is moved by spur gear operated by a winch placed near the 
floor. The load can be picked up and the crane run on the rails 
direct to the machine into which it is desired to put the work, and 
in removing it from the machine, it can be deposited near the 
traveller, the sling being left on, and by means of which it can be 
picked up, run away, and deposited where desired. 

There are several forms in which this useful machine can be 
made to suit any special circumstances ; the author commends the 
crane to the attention of designers who are laying out new works, or 
making improvements to old ones. They are usually made in sizes 
to lift 20, 30, and 40 cwt., with a radius of 10 to 12 feet. The 

M 2 
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height from the floor line is abont 10 to 12 feet ; this varies according 
to the place where the crane is to be fixed. The relative weights of 
the cranes are about 2, 2j^, and 3^ tons. 



2-ToN Hand-Powbb Wall Gbake. 

These cranes are useful for foundries or factories, when it is 
required to keep the floor clear of the crane post and its gear. A 
crane of this type is carried on a cast-iron plate, which is bolted to 
the walls of the place. A footstep is provided at the lower part, and 
a bearing at the upper, in which the jib turns. The post, jib, and 
strut are each formed by two trough steel girders, all well riveted 
together ; the jib girders are placed horizontally and level at the top, 
and on the upper flange of which a traveller frame runs ; this gives 
the means of racking the load in or out as required. The gear, con- 
sisting of two motions for lifting, as well as that for the racking 
motion, is placed on top of the jib girders, both being worked by end- 
less chains reaching to the ground, and running over grooved pulleys. 
The radius of the jib is usually made 18 to 20 feet, or any length to 
suit the particular work. The racking-out range is about 14 feet. 
The cranes may be driven by endless rope, by means of an engine, in 
places where any power is conveniently near. These cranes are very 
useful in shifting moulding boxes and castings ; four of them, two 
being placed on either wall, are 8u£Gicient to sweep the floor of a fair 
sized foundry, say 80 feet by 40 feet. All the area of the floor can, 
in this way, be utilized, no portion being required for fixing the 
cranes. This is not only a convenience, but a great consideration in 
many places, and is worthy the attention of designers when laying 
out new works. 

"Goliath" Tbavellkbs. 

This is a form of traveller made in nearly the same manner as 
those steam driven, as described at p. 148. They are of the type 
used in stoneyards and other places, where an overhead gantry 
cannot be provided; two rails are laid on timbers at the ground 
level, and on these the traveller moves. It is constructed with side 
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frames of a height to allow a lift sufficient for the particular case. 
The span is made of any width required, as a rule not more than 
40 to 45 feet. The whole framing is generally made in timber ; two 
A frames, well framed and strutted, are supported on long timber 
sills on either side, which are hung upon two double-flanged tram 
wheels, from 18 to 24 inches diameter. The distance between the 
centres of these wheels will depend upon the span and power of the 
traveller ; as a rule they would not be nearer than 8 to 10 feet from 
centre to centre. At the top of the side, or A frames, cross girders 
of timber are fixed ; they are trussed with wrought iron rods, attached 
to cast-iron boxes or frames at each end, passing under two cast-iroii 
struts, placed so as to divide the timbers into three equal spaces. 
The lifting gear is usually placed at the top of these girders at one 
end, and at the top two rails are also attached, on which the traveller 
works. The gear does not differ from that described at p. 147. In 
some cases a steam boiler and engine power are attached; these 
are placed either at the base or top of the traveller. 



"Goliath" made op Wbought Ieon. 

The same kind of apparatus is also constructed in wrought iron 
work. The side frames are made of L and plate iron, well braced 
and riveted together, and mounted on 18 to 24 inches diameter tram- 
wheels at the base, in the same manner as the last. The top 
girders are made in the lattice form, having rails fixed on their top 
flange for the traverser to run on. The girders must be well con- 
nected to the side frames, and, to stiffen them at their junction, 
within, angle brackets must be provided ; they are made in a curved 
form, to be out of the way of the goods to be lifted. 

The working gear may be placed on the girders, and endless chains, 
reaching to the ground, employed to raise the load. The weight to 
be raised, as well as the span and other circumstances, must decide 
the best plan to adopt. 

As a general rule, when this machine is made in ironwork in the 
form described, it is not adopted for any large height or span ; the 
height of the side frames would rarely exceed 9 to 1 feet, the span 
25 to 30 feet at the maximum, and the load lifted 2 tons. When to 
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be nsed for heavy weights and larger spans, it must be made in the 
same manner as the Goliath carrying steam-crane, except that, as no 
crane has to be carried, the girder and frame can be made of much 
less strength. For use in foreign coantries, those constrncted of 
timber are to be preferred, because they can be framed locally, and 
from the timber obtainable in the district ; the cost of freight is thus 
saved. The engineer in.such a case is advised to send out full detail 
drawings, showing all the parts ; the ironwork and all gear should 
be sent out from this country, together with duplicates of all the 
chief parts liable to wear or fracture. 

These are useful machines to employ for unloading barges that are 
run into a dock or water-way, when they contain heavy loads ; but 
for light loads they are not suitable. 



Shbab-Leghs. 

For raising a weight at one spot, where no swinging is required, 
the best plan is a tripod, formed by three baulks of timber or good 
sound poles. The lower ends are shod with iron, with a wrought- 
iron spike at the bottom of each, to prevent slipping or spreading 
out when lifting the weight. The top of each timber has a wrought- 
iron strap bolted to same ; a bolt passes through all three legs, fitted 
with a strong shackle, to which the lifting chain is attached. 

A crab motion may either be fixed to one of the legs or a 
separate crab may be used, placed in any convenient position. 
This kind of apparatus is very useful, especially for temporary 
purposes ; it is both strong and portable, and can usually be con- 
structed from the material to be found in most localities. Good 
sound scaffold poles, as free as possible from knots, are very suitable 
for the purpose ; they should be nearly the same diameter at the top 
as at the bottom. 



ShEAB-LbOS with BAGEINChOlTT MOVSMENT. 

These are suitable for loading and unloading boilers, and other 
heavy weights. When on a large scale, for very heavy loads, the 
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legs are made of wronght-iron, in the form of a tube ; the bottom of 
each leg being attached to a powerful cast-iron base-plate by hinged 
joints. The back stmt or stay is also made of wronght-iron and 
attached to a sliding plate working on a strong base-plate, and 
connected by a pin to the top of the two legs. The crab motion for 
lifting is of the nsnal kind, several powers being proyided, and 
a separate set of gear to rack the legs in and out as required. 

This apparatus is, as a rule, only used in a large boiler, ship, or 
Goyemment yards, but the same type of construction may be made 
of wood ; it is very useful for temporary works, and can be rigged up 
by any good carpenter and smith. In some instances steam hoists 
are employed to make these shear-legs. 



Debbigk, with Two Lsos Framed. 

For temporary work two legs are framed together, shod with 
iron at the bottom, standing upon a baulk of timber. Three guide- 
ropes keep the legs in position, and, by adjusting the cords, the load 
can be moTed to any required spot. Where much work has to be 
done, and the derrick required for some period, the legs are fixed at 
the bottom to a frame hung on two or four wheels ; this is not only 
more conyenient for shifting the legs from point to point, but also 
giyes facilities for taking up the load at one spot and depositing it 
at another. The legs in this case are moyed by spur gear connected 
to one pair of the tram wheels. The power applied to lift the 
weights may either be hand-power by crab motion, or by a steam 
hoist fixed near the spot, the chain being led to a grooved pulley on 
the legs by suitable guide pulleys. Special arrangements are made 
to allow for the range of movement required for the particular case. 



SiNOLB Debbigk Pole. 



A derrick is often made with a single scaffold pole, for use in 
temporary outdoor work ; the pole should be shod at the foot, and 
capped with iron at the top as before, the lifting power may be 
a separate crab, or a motion attached to the lower part of the pole, 
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or a pair of blocks and falls may be used, fitted either with ropes or 
chains. Heavy weights may be raised by this simple apparatus, and 
for erecting work ontdoors, in the hands of skilled men, they may be 
made a yery nsefol appliance. The pole should haye bnt little taper, 
and must be sound, and as free from knots as possible. There are 
yarious other kinds of derricks to suit special requirements; the 
author, howeyer, thinks they need not be more fully described here, 
as, with the aid of the aboye details, many other forms can be 
deyised by an intelligent man. 
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CHAPTEB n. 

WABEHOUBE OBAKES. 

Thbse cranes are nsnally fixed outside warehouse walls. They are 
constmcted in wronght-iron, in much the same manner as described 
for the steam and hydraulic systems, pp. 22, 126. The radius of the 
jib ranges from 8 or 9 feet to 25 feet, and in some cases above. For 
warehouse placed flush with the public street, the radius should 
be sufficient to reach oyer the payement into the centre of a cart 
or wagon standing close to the kerb of the footway ; it is usually 
found in this case that 9 to 10 feet is sufficient. When fixed to 
a warehouse of a wharf near the riyer front, they are made of 
sufficient radius to reach to the centre of a ship's hatchway ; taking 
the average of such cases they must be made from 30 feet and 
upwards. In the latter instance, the cranes are so placed to unload 
goods from ships, and land them either at the wharf level or on to 
the floors of the warehouse ; in this arrangement it is convenient to 
place the cranes at different levels ; thus, supposing four cranes are 
sufficient for the work, two should be fixed at the top of the ware- 
houses to land into any floor, and two with the foot of the post 
about 6 feet above the wharf level to land into the first floor. 

The cranes are constructed with posts, jibs, ties, and struts of 
flat iron, with cast-iron distance pieces riveted between ; the angle 
of the jib should be 45° ; all the details are the same as described 
at p. 126. They are usually made to lift loads of 2 to 3 tons 
maximum; the former usually represents the heaviest weight to 
be raised into the warehouse. For storing wine, tea, and other 
goods, light cranes of a special construction are used ; the loads do 
not exceed 6 to 8 cwt. The same special gear is used for operating 
the jibs as named for steam cranes. (See p. 127.) 

Crane Motions. — ^The motion to work hand-cranes is constructed 
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in much the same manner as an ordinary crab, with a train of wheels 
giving two or three powers. The spindles for the wheels and chain 
barrel are carried in two cast-iron frames, which are bolted at their 
base to the floor of the warehouse, and at the upper part to the 
timbers of the floor above. All the bearings should be bushed with 
gun-metal, and be provided with caps to afibrd easy means of 
removal and adjustment of the spindle bearings. A winch handle is 
provided on one side, and on the other a fly-wheel with a handle 
attached to one of the arms, about 8 or 9 inches from the centre of the 
spindle. Clutches and levers are provided for throwing the various 
motions in and out of gear. A counter-balance motion is also 
provided to bring up the empty chain when the motions are thrown 
out of gear. Brake-gear is fitted to the cranes, the strap should be 
of wrought-iron ^ inch thick, lined with beech blocks, and provided 
with a counter-balance to take the break off when required. 



Grab Motions for 40 Cwr. 

The cranes are sometimes worked by crabs ; they are double and 
treble purchase gear ; the most usual forms have two cast-iron side 
frames, with bored bosses for the shafts to work in. To ensure 
truth, the two frames should be bolted together and the holes bored 
out at the same time ; all the holes should be bushed with hard gun- 
metal, and bored out for the spindles to work in ; the width of the 
bearings should be at least equal to two diameters of the shaft. 

The spindles and shafts should be turned, and the wheels bored 
out and keyed on the same with sunk keys ; flats on the shafts do 
not make good work, and should never be used. 

The barrel should be bored at each end, and keyed to the spindle. 
A ratchet wheel is cast on one end of the barrel, and the pall to 
work into it is connected by a pin to one of the side frames. The 
brake wheel may be cast on the side of the spur wheel ; it should 
not be less than 1^ inch thick, and from 2 to 2j^ inches wide. The 
strap should be wrought-iron -^ inch thick, and the lever should 
have sufficient power for one man to hold 1^ ton easily, in some 
instances the brake is held by the foot resting on a plate attached to 
the lever. 
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Where the crabs are for inside use, the brake-strap should be 
lined with wood. The side frames should be H section, and have 
four wronght-iron collared stays, to keep them the proper distance 
apart. These stays should be (for 40-owt. crabs) 1^ inch diameter. 
The feet of the side frames should be made wider than the sides, to 
ensure a good firm base, and should have a bolt-hole in each foot, to 
receive bolts 1 inch diameter to secure them to the floor or the 
foundation. 

Much greater care should be giyen in the selection of crabs than 
is usually done, in consequence of which, and owing to the competi- 
tion which exists, very imperfect apparatus are in the market, and 
often get used, and in too many instances serious accidents are the 
result. In purchasing a crab, or in specifying for one, whatever 
weight is required to be lifted, it should be stated that *^ it must he 
lifted direct from the harrel,'' otherwise the purchaser will be told 
^' it is never done except with the aid of blocks," and he will get a 
smaller and much less valucMe apparatus. This partly accounts for 
the large difference in the prices of the less scrupulous makers. 



Tbayellers fob Heavy GK)ods. 

The details of the girders and gantry will be the same as described 
for the steam travellers, p. 145, except that in small machines the 
girders are either made of roUed-iron joists, or of timbers trussed 
with iron rods. The traverser and gear is also the same. To raise 
or lower goods, endless chains from the top gear reach to the ground, 
and, by means of spocket wheels combined with worm wheel and spur 
gear working a barrel on which the lifting chain is coiled, the load 
is raised or lowered. Two motions are provided for light and heavy 
loads. The traverser is also operated by means of gear and an 
endless chain reaching to the ground. The traveller is moved on 
the gantry by means of a cross shaft, to which two of the flanged 
tram wheels are attached. A spocket wheel, with spur gear and an 
endless chain operates the same. This kind of traveller is suitable 
for loads to 8 or 10 tons* Heavier loads than 10 tons are seldom 
required to be lifted at works where hand-power travellers are 
employed. 
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In some cases the men stand on the girder to ^ork it, and thus 
the floor is kept clear; this, however, only applies in the case of 
large trayellers. 

The gantries on which the trayellers moye are either constructed 
with timber posts and top sleepers to which rails are fixed, or the 
rails may rest on brackets or corbels projecting from the side walls 
of the building ; this latter plan is to be preferred when the place 
can be specially prepared during the building. 



Travellbbs for LiaHT Goons. 

For raising wine, or other goods, up to 25 or 30 cwt., two rolled 
joists are framed to wrought-iron end girders, or plates, hung on 
four flanged tram wheels running on turned pins. The traverser 
is a small frame running on four tram-wheels, as before, with a cross 
bar in the centre ; to this is attached a pair of differential blocks, by 
which means the goods are raised or lowered. In some cases a worm 
and worm wheel work a barrel coiling the lifting chain. An endless 
chain working in a spocket wheel at the top which is keyed on the 
tram wheel shaft, moves the traveller as desired. There are many 
modifications of the above, but, as they are mostly for special 
purposes, need not be described. 

Single Oirder Traveller. — ^A very useful apparatus of this kind is 
constructed in the following manner : — A rolled iron joist or girder 
is carried the same distance as it is desired to run the traveller ; this 
forms a gantry rail ; the girder is suspended by stays, brackets, or 
hangers, at every 8 to 9 feet ; they are riveted at the top flange of 
the girder. At the lower flange a runner, mounted on four small 
turned wheels, travels ; this runner is constructed with two wrought- 
iron side plates or cheeks, about ^inch to g-inch thick; at the top 
part, on each side, two rollers, 4 feet diameter, are provided, running 
on turned steel pins ; at the lower part of the plates a hook is 
supplied, which is secured by a turned pin fastened by screwed nuts, 
which passes through each plate ; near the top of the plates, under 
the gantry girders, two distance pieces or stays are provided and 
secured by bolts and nuts. The distance between the centres of the 
wheels must not be less than 14 inches. The runner is guided by 
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the inside of the posts rubbing against the lower flange of the 
girder. When the distance to the trayeller does not exceed 15 
or 16 feet, the ninner may travel on the top flange of the gantry 
girder ; in this case two roller wheels are provided the same width 
as the flange; in other respects the details of the mnner are the 
same as before. At the hook, a pair of differential blocks may be 
attached for raising the load. 

Screw Lifts. — For the purpose of raising and lowering loads at one 
spot, a fixed girder and carrier, to which is attached a screw, may be 
used. The screw has a capstan fitted to it, also a gun-metal nut. 
The diameter of the screw depends upon the load to be lifted ; 1^ inch 
diameter is su£Gicient for 2 tons, and 2 inches diameter for 4 to 
5 tons load ; the screws should have square threads, and be made 
of steel. The screw may be operated, if preferred, by a pair of bevel 
wheels, one being fitted with a screwed nut held in its place by a 
bridge casting ; the horizontal spindle, or rod, to work the wheels 
may be led any desired distance, and be operated by an endless 
chain working on a spocket wheel keyed on this spindle. These 
are very useful lifts; the cost is small, added to which they are 
perfectly safe. 



BiFFEBEKTIAL BlOOKS. 

These very useful apparatus have been most extensively used, 
and in various modified forms. The great advantage gained by 
their use is : when raising, the load will stand without making the 
chain fast ; and in lowering, it can be done as required, and with no 
danger of the load running away. The chains want renewal in 
about two or three years when much used, as the links slightly 
stretch and get out of pitch ; this causes the chain to slip upon the 
wheels. These machines have stood the test of many years, and 
from the Author's experience of their use, extending over about 
thirty years, they can be confidently recommended. 

Useful application of the above. — A rail can be fixed to the roof or 
to the main timbers under the ceiling of a building, and a small 
carriage on two wheels, with a hook at the bottom, can be run on the 
rails ; and by means of one of the above blocks a load may be lifted 
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and run to any part of the place. The rail may be cnrred if not of 
too sharp a radins. 

To deliyer sacks of corn, eta, from a doorway to a distant part of 
the warehouse, one rail is fixed with an incline /rom the door to this 
spot ; it ends in a cnrve, and another rail is fixed inclined the other 
way back to the same spot. A small carriage monnted on wheels 
runs on the rails, the carriage being suspended under the rails. 
These are very useful machines, and can be easily constructed by 
any handy smith. The patent blocks must, of course, be obtained of 
the maker. 

Jacks. 

There are several forms of this simple and useful apparatus, yiz., 
Haley's Back, or Screw Jack; these are made in two forms, '^ tripod " 
and '' bottle ; " ^' Hydraulic Jacks," " Traverser Jacks," both screw 
and hydraulic ; each of these will be separately described. 

Haley's Jacks. — These are made to operate by means of a wrought- 
iron or steel pinion working into a cut rack, also of wrought-iron; on 
the spindle of the pinion at one end, a double headed winch-handle 
is keyed ; a ratchet and wheel is also provided to hold the load. At 
the top of the rack a double claw is forged on, as well as one at the 
foot ; by means of these the load is raised. The older type of jack 
frames are made of hard wood, plated with iron at the sides and 
bottom ; two spikes are provided at the base to give a hold iu the 
ground or timber on which they are placed ; these are very simple 
and useful machines; although they have been improved in some 
respects, the old type still answers its purpose. 

Improved Haley's. — ^This is a modification of the old plan ; in this 
case a screw provided with an enlarged head is used instead of a 
rack to lift with. A worm wheel, carrying a gun-metal nut, is placed 
in a recess in the block of the rack ; the bosses at top and bottom 
bear upon gun-metal plates ; a worm keyed on a cross spindle works 
into the worm wheel, and on the end of this spindle the winch- 
handle is keyed. The body of the rack is either made of wood and 
plated with iron as before, or the whole may be made in iron ; it 
may be stated, the wood blocks are usually preferred, as they are 
more easily moved about. 



JACKS. 175 

Serew Jacks {BotOs), — ^These conBifit of a conical hollow casting, 
haying short spikes cast at the base ; the top part is bored out, and 
the boss faced on the top. A screw-nnt with a square thread is 
fitted into the boss. A scr^w of wronght-iron, about 12 to 16 inches 
long, works in this nut, the top part of the screw is made with 
a square enlarged head ; on this the load is lifted ; under the head, 
at a part also enlarged, four holes are drilled ; short bars turned on 
the ends fit into these holes, and by their means the load is raised. 
These apparatus are made in various sizes ; as to the diameter and 
height of the cones and the diameter of the screw, the latter does not 
usually exceed 2 inches diameter, with a range of more than 12 inches 
to 15 inches. 

Serew JaeTcs {Tripod). — These are made in the same manner as 
the above as to the screws and nuts, but instead of the conical 
casting or bottle, a tripod of wrought-iron is employed; this is 
constructed with a boss which is bored out, and in which the gun- 
metal nut is fitted ; the boss has three rods or stands forged on it ; 
these are about 1^ inch to 2 inches diameter ; they rest at the bottom 
on a ring of iron about } inch to 1 inch thick. When very heavy 
loads have to be lifted, with a long range, this kind of jack is very 
useful, the screws are made from about 1^ inch to 4 inches diameter, 
and from 12 to 24 inches range ; the height of the tripod and its 
strength depends upon the amount of range of the screw. 

Sydraulio JaeTcs. — These are patented machines ; they consist of 
a ram and cylinder, with a small pump at the base worked by a 
lever. At the top a large head is formed, by means of which the 
loads are raised. All the parts of the apparatus, except the pump, are 
made of cast-iron, the ram works through a leather collar placed 
near the top of the cylinder. These jacks should be used carefully, 
as they will not suffer rough usage, and for this reason the smaller 
sizes are not so often employed— for outdoor work especially — 
preference being given to Haley* s, or screw jacks. Hydraulic jacks 
are made to raise from 1 to 30 tons. 

Traverser Jacks (Screw). — These are made in the same manner 
as the tripod or bottle-jacks, except that they are, in addition, 
provided with a cast-iron base, on which the conical casting or 
tripod rests, and which slides in grooves in the base plate ; being 
operated by a lower screw and nut, with hand-gear to work it, 
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distinct from the gear for the lifting screw. These jacks are usually 
only made for heavy weights ; two or more are employed to raise the 
load, and by means of the trayersing movement they can be shifted a 
distance equal to the range of the screws. They are most useful 
for the erection of work both indoors and as well as outdoors. The 
lifting range is not made of any great height, but the machines 
are made of sufficient power to shift loads of from 2 to 30 or 
40 tons. It need hardly be stated/ all the work must be of the 
highest class, and that all the parts must be made of great strength, 
proportionate to the load to be moved. 

Traverser Jacks {Hydraulic). — These are constructed in the 
same manner as the hydraulic lifting jack described. Th,ey are 
provided with a base-plate in the same way as the last. The 
traverse movement is given by a small horizontal ram and cylinder, 
operated by a pressure pump in the same manner as before. These 
apparatus are employed for moving very heavy loads, and are 
made in powers from 10 to 100 tons. In places where hydraulic 
pressure-pipes are at hand, worked by an accumulator, the water- 
pressure can be taken from the mains ; this is specially applicable 
where a large number of these jacks are employed ; the lift in this 
case is more equally taken, and on this account the strains are also 
equal, and simultaneously put on. In moving a boat or vessel in a 
graving or other dock, or when upon the slips in a building yard, 
this equal distribution of the pressures is a matter of great import- 
ance. There are many purposes to which these useful machines 
can be applied ; special modifications in their arrangements are made 
for particular cases. In the erection of heavy iron and bridge work, 
they are of the greatest service, and can be employed in a variety of 
ways that would soon suggest themselves to a skilled man when 
placed in a difficult position. 
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CHAPTER ni. 

HAKB-POWBB IiIFTINa MACHINSBT. 

The most important machinery of this kind are lifts for warehouses 
and pnblic institutions. As this class of work has not in many 
cases received that attention its importance deseryeSi full details 
are hereafter giyen, which will enable the architect, snTreyor, or 
engineer to specify what he requires. Most of the examples described 
are from works actually executed by the Author, and which have 
stood the test of many years' successful and safe working. Many 
modifications may be made from the various types given to suit 
special cases without altering the general principles on which they 
are constructed. A large margin of safety should always be allowed 
to meet unusual strains, to which lifting machinery of all kinds is 
usually exposed. The author advises designers and users to deal 
only with manufacturing engineers who have made this work a 
study, and not to allow anyone to tender whose work does not bear 
the highest character. Good work of this kind cannot be obtained 
cheaply ; where offers from different makers vary widely, it is reason- 
able to suppose the class of work will not be the same. 



Wabbhousb Lifts fob 10 HuKBBEDWBiaHT (Drawings Nos. 77, 

78, and 79). 

The Cage, or Ascending Boom, should be constructed as follows : — 
The lower frame should be formed of a ring of L iron, 3 inches by 
3 inches by ^ inch ; this ring should be welded into a solid frame ; 
on this is bolted oak or beech boards, ploughed and tongued, 1^ incn 
thick, to form the bottom, with battens running transversely, firmly 

N 
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screwed on the under side to strengthen the floor. The front, or 
loading edge of the floor, should be protected by an iron plate, let 
in flush with the top of the boards. Two suspending irons at each 
side are riveted to the lower L-iron frame, with two cross lifting 
bars riyeted at the top, say, 6 feet to 6 feet 6 inches high from the 
floor of the cage (the height of this will depend npon the size of goods 
to be lifted) ; these bars shonld be 4 to 4^ inches by ^ inch each ; 
the ends shonld project 2| inches beyond the suspenders, to form 
rubbing guide plates, the comers of which must be rounded. On 
the bottom of the two suspending irons two 4 inch by j^ inch plates 
are riveted on each side, for the lower guidea To keep the sus- 
penders rigid, two diagonal rods 1^ inch diameter must be riveted 
on each side to take the thrust. At the centre of the two cross bars 
a wrought-iron plate is riveted, with a hole to receive the shackle of 
the lifting chain or rope ; the hole should be drilled and the edges 
rounded to prevent any cutting of the shackle. 

2%6 Oidde Bars are T iron 3 inches by 3 inches by ^ inch. The 
ends of each length should be squared, and the joints covered by 
back plates ^ inch thick, well riveted on. The bars must be erected 
vertically and dead plumb on the faces, and be bolted to the joists at 
each floor ; if the height between the floors exceeds 9 feet, they must 
be fixed to intermediate timbers to keep them rigid; after they are 
fixed in their place, the front edges must be filed down and all 
irregularities removed, care being taken to make the joints fair. 
The clearance at any part between the rubbing guides of the cage 
and the guide bars must not exceed ^ inch. 

The rope working the lift passes over a spocket wheel at the top 
of the well hole, of a diameter equal to half the width of the cage, 
and the centre of the counter-balance at the back wall. In most 
cases the wheel will be about 20 to 24 inches in diameter at the 
pitch line ; the shape of this groove is very important. The rope 
is gripped by the groove of the wheel, and passes direct to the top of 
the counter-balance. 

The Caunter-halance. — This is a flat iron weight, with grooves 
planed out at each side. The top part of the weight is provided 
with a pocket, for the purpose of adding loose weights as required. 
A wrought-iron shackle is fitted at the centre, and to this the other 
end of the lifting rope is attached. The weight of the balance is 
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aboat 20 lbs. less than the cage ; this is generally sofBcient to allow 
the cage to lower by gravity when the gear is thrown out. 

Two L-iron gnide bars, 1^ inch by 1^ inch by ^ inch, are fixed 
on timbers and placed at the back of the table. The same remarks 
as to fixing the main gnide irons apply to these. The counter- 
balance weight should not be more than ^ inch clearance at the 
bottom of the grooves. The thickness of the counter-balance should 
be about 4 inches ; it should be made narrow and long, to form a 
better guide. 

Oear to work Lift. — ^A large spocket wheel, over which an endless 
rope operating the lift passes, is keyed on to a shaft, on which is 
also keyed a spur and brake wheel. Motion is given to the lift by an 
endless rope passing through all the floors ; thimbles are fixed at 
each floor to prevent the rope cutting; this rope works a large 
spocket wheel, say, 3 feet 6 inches to 4 feet in diameter, keyed on to 
the first shaft at top, on which is a pinion with a sliding clutch ; 
this pinion gears into the spur wheel on the spocket lifting wheel 
(second) shaft. By means of a lever and rods passing through all 
the floors, the gear can be thrown in and out, so as to allow the cage, 
empty or full, to fall by its own gravity. A brake wheel is also 
keyed upon the spocket wheel shaft ; a cord from the lever passes 
through all the floors ; the lever is fitted with a counter-balance to 
throw it out of gear. The rod working the clutch gear is made to 
swivel at the top, and is provided with a handle at each floor; when 
the rod is raised or lowered to throw the spur wheels in or out of 
gear, the handle is turned half-way round, and rests upon stops, 
which are fixed to the side posts at each of the floors. 

The endless working rope at the bottom of the lift passes over a 
grooved wheel of the same diameter as that at the top ; it runs on a 
turned pin on a bracket, in which is a long slot; this allows for 
expansion and contraction of the rope, according to the state of the 
weather. In a long rope for, say, a lift of 60 feet, this will alter from 
3 to 4 inches in length, especially in damp weather. In cases where 
the foundations may not be dry, the wheel must work in a cast-iron 
box sunk in the ground, to protect the rope from wet and moisture. 

Brakes. — ^There are two plans of working these : first, by keeping 
the brake always on, by means of a counter-balance weight on the 
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lever ; second^ brake offf and a rope to pull the same into gear. The 
first-named is the safest plan. In case the man working gets nerrons 
or frightened, he nsnally lets go the rope ; the brake being then in 
immediate contact with the brake wheel, holds the load, and so saves 
an accident. In the latter case, where the brake is held in gear by 
the rope, small lengths should be spliced in it at each floor, with iron 
cleats to make fast to, when the cage is required to be held at any 
point. The brake straps should be lined with beech, well fitted to 
the brake wheel. Ample power should be provided in the levers to 
ensure one man holding the maximum load safely. 

Safety Oear, to prevent accident in case the rope breaks, should 
be fixed at the top of the cage. This gear is specially described 
(see p. 140). 

Safety arrangements. — Chains should be fixed on side posts at 
each of the floors ; the lift hole should be lined at the sides, to 
prevent goods falling out from any of the floors. In warehouses and 
like places it is advisable to provide sliding shutters ; these can be 
made of wood when the enclosure is constructed in timber, but 
should be made of iron plate when the enclosure is in brickwork. 



Hand Power Passskgsb Lift. 

The Drawing No. 79 shows a lift for raising passengers suitable 
for an infirmary. The general system on which it is worked and the 
gear for operating it is much the same as in the warehouse lift shown 
in Drawings Nos. 77 to 79, and described at p. 177. The details of 
construction differ in the following particulars : — 

The cage or ascending room is made at the lower part with a 
welded angle-iron frame 3^ inches by 8^ inches by f inch, the roof 
is also formed of a welded frame of the same description. At each 
comer of the lower frame L iron 3 inches by 3 inches by ^ inch 
suspenders are riveted to gusset plates, and are connected in the 
same manner with the upper L-iron frame ; the frames are braced on 
three sides as shown; the bars are riveted to the corner gusset 
plates of the upper and lower frames. At the top of the cage two 
transverse bars of L iron 4^ inches by 4^ inches are riveted, and at 
the centre have a plate 12 inches long, by means of which the cage 
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ia suspended from the lifting rope. At the top and at the bottom of 
the cage on either side rubbing guides of cast iron, lined with gun- 
metal, are bolted. The floor of the cage is formed of oak boards, 
grooYod and tongued, 1^ inch thick, provided with oak battens on 
the under side ; the boards rest on and are bolted to timber beams 
laid on the L-iron frame ; countersunk bolts pass through from the 
top of floor to the under side of the frame. The sides are lined with 
|-inch match-boards, grooved and tongued, which are held in their 
position by a skirting-board at the base and cornice moulding at the 
top. The roof is lined with l^inch boards, grooved and tongued. 

The cage is provided with a safety gear similar to that shown in 
Drawing No. 69 ; this is not shown in its place, Drawing No. 79. 

The Guide Bars are two in number, one placed on either side of 
the loophole ; they are of cast iron, with Y faces, which are planed ; 
they are fixed in the same manner as described for hydraulic lifts, 
p. 61 ; they are bolted to side timbers. 

The Cotrnter-Bdlanee Weight works in a groove in the brickwork 
outside the wall of the loophole ; it is constructed and is guided in 
the same manner as that described at p. 62. 

The Lifting Bope is 4j^ inches circumference ; it is attached to 
the centre plate of the cage by a special shackle ; it passes direct 
from the cage over the spocket wheel placed at the top of the well- 
hole to the centre of the counter-balance weight. 

The Endless Bope is 3j^ inches circumference, and works over 
spocket wheels placed at the top and bottom of the lift hole ; these 
wheels are 6 feet in diameter at the pitch line, giving ample room at 
the front or entrance to the cage to pass through. 

Working Gear for the Lift. — ^This is placed on top, and is of the 
same general design as for the warehouse lifts. Drawings Nos. 77 and 
78. It is arranged in a different manner to permit the endless rope 
wheel in this case to be placed in the front of the lift. 

Enclosure. — The lift in this instance is enclosed in brickwork ; 
the entrances at each floor are by means of iron doors, which are 
kept closed, and are arranged to open only from the inside by the 
attendant who travels with those ascending or descending by the 
cage. It will be noticed that every precaution has been taken to 
ensure that the motion is easy and perfectly steady. 
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SuHDTiT Details of Lifts. 

Well Holes fob Lifts. — ^In erecting new buildings it is advis- 
able to construct the well holes in brickwork, to save the risk from 
fire. Li several instances, in the Author's experience, when a fire 
has commenced in the basement or ground floor of warehouses they 
have been destroyed by the flames rushing up the lift hole and firing 
each floor in its ascent. Experience has shown that where lift holes 
are of brickwork, and even only provided with doors or shutters of 
wood at the various floors, the flames have simply run up to the 
roof and burnt that portion, leaving the rest of the enclosure almost 
untouched. The Fire Insurance Companies often reduce their rates 
when lifts are enclosed in the maimer described. The Author advises 
warehouse keepers and others, in case of fire occurring in the lower 
part of the place in the daytime, if possible, to have all the lift hole 
doors closed at once; the damage will then be confined to the 
interior of the same. Of course, every night all the shutters and 
doors should be closed and locked. 

D0CT8 to the Lift Hole at the various floors. — ^For these the Author 
prefers iron, but if made of wood they are usually made like an 
ordinary room door or in the form of a sliding shutter. Li places 
where the public have admission, the doors and shutters should have 
patent locks, and in the case of passenger lifts they should only be 
capable of opening by the attendant in the cage from the inside of 
the lift hole. Li the case of food or goods lifts the shutter should 
be fastened by spring locks at the landing sills. 

BoFES are the most preferable for lifting, and should always be 
of ample power ; for 10 cwt., not less than 3^ inches circumference ; 
15 cwt., 4 to 4^ inches. The endless ropes should be 3^ inches 
in circumference ; this gives a good grip to the hand of those who 
work the lift. They should be of the best white hemp. 

Brake Bopes should be 2^ inches to 3 inches in circumference, 
for the same reason, and of the same quality. 

It is advisable to examine the ropes and all the gear once per 
month ; and also to test the safety apparatus, to make sure that all 
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is in perfect working order. All parts of the gear shonld be oiled 
once per week, and the gnides greased once in every three or fonr 
weeks. 

The yarions parts of the lift shonld be made of snfficient strength 
to stand the shocks to which it may be liable from haying the brake 
suddenly applied when a heayy load is in the cage, or from the rongh 
nsage that snch apparatus get from the class of men who usually 
haye to work them. 



Wabehousb Jjot, with Geab bklow (Drawing No. 80). 

There are many cases where goods haye to be raised and lowered 
from the ground floor to the basement, and where the gear cannot be 
fixed at the top ; in this case all the working gear is placed in the 
basement, and in some cases partly underground. 

The Table, or Gage, is constructed in much the same way as before 
described, except that the framing for guides, lifting bar, &c., is 
inverted. The least depth below the table for the iron cross bars, 
to which the rubbing guides are attached, should be 3 feet ; this is 
for the purpose of keeping the guide plates at a sufficient distance 
apart, to ensure easy working, and also to prevent vibration. 

The table and framing are sunk in a recess in the floor of the 
basement, formed by a rebated curb of oak. When the table is run 
up to the top, it forms part of the floor, and can be secured by bolts 
for safety, or may have a lock, as described for the bank lift at p. 65, 
but of a less expensive kind. The lift shown has a table of wrought- 
iron which closely fits into a cast-iron frame in the floor at the top, 
and so makes all fire-proof. 

The Gmde Irons are either of cast iron and planed on the faces, 
or they may be T iron, as before described ; those for the counter - 
balances will be much the same as before, except that the latter, 
with its guides, may require a different arrangement to suit each 
particular case. 

WorJcing Gear is usually a special crab motion fixed to the floor 
of the basement ; this is fitted with a winch handle and fly-wheel, or 
with grooved wheels and an endless rope. Two chains are attached 
to the cross bars under the table, one on each side, passing over two 
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grooved chain wheels, to the barrels on either side, which are placed 
under the floor line in the basement ; at the back on either side two 
other chains pass over pulleys, and are attached to the connter- 
balances, which slide in L-iron guide bars, as before described. 



Wabehousb Lift, with Gear below. A. 

This is a modification of the above plan ; to suit special require- 
ments of the work and building, it is constructed as follows : — 

Table and Guides^ &c., are arranged as before. 

Working Gear consists of two endless pitch chains, one working 
on each side of the table, which are attached to the cross bar under 
the table and pass over two pitch chain wheels at the top placed under 
the ground floor, and two at the basement sunk beneath the flooring ; 
motion is given from a crab gear, as before described, and by means 
of another endless pitch chain working on wheels on the shaft on 
which the two lower pitch chain wheels are keyed. Brake gear, Ac, 
is also attached to this shaft in the same way as before described. 

No wheels (except the crab) are above the floor line, either at 
the top^ or ground-floor, or in the basement. 



Wabbhousb Lift, with Gbab below. B. 

This is constructed on much the same plan as above, except that 
the shaft, having the tooth wheels gearing on to the pitch chain, is 
fixed at the top, under the table. Two pitch chains, one on each 
side of the table, are attached to the lifting cross bars, and pass 
over the tooth wheels to a counter-balance on each side. On the 
shaft at the top is keyed another tooth wheel, which, by means of an 
endless pitch chain, is geared to a crab motion of the same con- 
struction as before. 

This class of lift is specially suited to a cellar where there is 
little head room, and where, owing to the foundations and other 
causes, no gear can be worked below the basement line. 

The chains for this class of lift must be of the best kind ; a good 
furm of which and one much used by the Author, consists of links> 



WAREHOUSE LIFT, WITH GEAR BELOW. B. 185 

sqaare in shape, made of round iron, connected by flat S links made 
of hoop iron, secured by one rivet at the lap. They are most 
reliable chains, not subject to fracture, and are easily repaired by 
putting in new links ; great care is required in the manufacture to 
ensure that all the links are exact to pitch. 

There are several other adaptations of the above class of lift ; 
but as they are only used for very special circumstances, they need 
not here be noticed. 



Cellab Lirrs, Inolined (Drawing No. 81). 

Lifts of this type are principally used to raise casks of wine, 
beer, or oil. The gear for raising and lowering the load is by a 
crab motion placed near the wall, from the barrel of which a chain 
passes over a grooved wheel to the centre of the table, to ^hich it is 
attached by a plate and shackle. 

The table is made with an angle-iron frame, to which a wood 
floor is secured by bolts and nuts ; the top frame is riveted to an 
iron framing below, which is fitted with four friction wheels pro- 
vided with flanges. 

The Ouide Oirdera are of wrought iron, trough-shaped, and on 
the lower flanges of these the wheels of the table run ; at the top 
part of the girders, near the ground floor, a cross girder takes the 
chain wheel and its carriage. 

The details of the counter-balance and the guides are much the 
same as in the previous lifts, and must be arranged to suit the 
special circumstances of the case. A pit is sunk under the floor of 
the basement, into which the table sinks when at the lower level. 
Stairs are formed between the trough irons, so as to afibrd an entrance 
to the cellar. 

SoBEW Lifts fob BAisiNa 14 owr. (Drawing No. 82). 

The table is made the same as described for No. 80. On 
the under side is fixed a screw 3^ inches in diameter, cut with 
a square thread, having a flange on the top ; it works in a gun-metal 
nut, fitted in the boss of a bevel wheel, which is placed under the 
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floor line of the basement. The screw rises and falls in a pipe 
which is sunk in the groand, and is operated by bevel-wheel gear 
and fly-wheeL The table is provided with two connter-balance 
weights placed at the back wall, running between L-iron guide bars, 
in the same manner as before described. 

To prevent undue friction and to relieve the pressure on the 
gun-metal nut, the weight of the table and screw are overbalanced ; 
the wheel in which the nut is fixed has a groove cut in the boss, and 
a clip working in this groove attached to the cylinder head prevents 
the wheel from lifting. 

This kind of lift is rather slow in working ; the speed, with one 
man and 14 cwt. raising 10 feet, being about two minutes to two 
minutes and a half. It is, however, absolutely safe, and is weU 
suited for raising and lowering valuable goods, such as casks of wine 
and spirits ; it also possesses these advantages — it must be worked 
down, and at about the same speed as when raising ; it cannot run 
away if left alone, and does not require making fast at any point of 
its aseerU or descent ; the motion is steady, and there is no noise in 
working. The wear and tear is very small. A lift of this type, 
designed by the Author for a large firm of wine-merchants, was in 
constant use for upwards of sixteen years before it required a new 
nut ; after a careful examination of all the parts, no other material 
wear had taken place. It had been in constant use all the time 
named ; the firm had been entirely free from accident during the 
period it had been in use. 



Sack Lift. 

This is constructed in the same manner as the above as to the 
table, guides and counter-balances, but is worked by means of a 
toothed rack attached to the under side of the table in lieu of a 
screw. This rack should be made wide, and of good pitch ; preferably 
it should be made in wrought iron, and the teeth machine-cut. It 
should be well guided at the sides, in the same manner as described 
for the hydraulic lift, p. 64. The crab, or working gear, is much 
the same description as before. The pinion gearing into the rack 
should be of wrought iron, pitched and trimmed. 
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This form of lift is not generally to be recommended ; it is not 
so safe as the others described ; where, however, the goods are not of 
much value, and are not liable to fracture in case of falling — the 
action of the gear being rapid both in raising and lowering— they 
can be used with some advantage. These lifts are sometimes driven 
by steam power; in this case the driving gear should be toothed 
wheels geared with wood and iron teeth ; belts are not safe to use 
owing to their liability to slip. 



Endless Lifts. 

These may have hand motion applied ; they are described at p. 150, 
and are made in various forms. They are suitable for light packages 
of one size and weight, and where the goods to be transferred are in 
large quantities, and for the purpose of passing them from floor to 
floor, either for storing or to another part of the place where the 
next process in their manufacture is to be carried out. They work 
slowly, and have to be designed to suit the special requirements of 
the case ; they are simple in construction, do the work well, and are 
not liable to break down ; the wear is very smaU. They should be 
carefully designed and well made. 



BoPE Ain> Bucket Lift. 

This is a very useful lift for raising books, papers, and other light 
goods, either from one floor to another or up a staircase, and more 
especially where there are no means of fastening anything to the 
floors or other parts of the building. Either single or double wheels 
are fixed at the top and bottom. An endless wire or hemp rope 
passes over these, having buckets or pockets attached at various 
points of the rope ; in these receptacles the books or other things are 
placed. They are noiseless in action, very simple in construction ; 
their cost is small, and they can be fixed by any intelligent 
mechanic. 
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LowERiNa Machine vrrrR Geab below Table (Drawing No. 84). 

Machines to hwer casks and other goods are self-acting, and are 
constructed as shown in the drawing, and in the following manner : — 

The table, guides, and counter-balances are made in the same 
manner as before ; the weight of the table is overbalanced by the 
counter-weight ; this is to allow the table to rise by the superior 
gravity of the balance weight directly the load is off. 

No gear is required except the top wheels, shaft brake, and 
lever. As this class of machines is subject to very heavy shocks, 
they must be made with all their parts rigid so as to be free from 
any vibration. In the case of beer casks, the type shown in Drawing 
No. 83 is the most suitable for use when any gear can be placed 
overhead. 

The brakes in these machines should always be on, and the 
counter-balance on the brake lever made heavy for safely holding the 
load. The action of the lifts is very rapid, and for lowering goods it 
is the quickest and most economical process that can be adopted. 



LowEBiKa Maohinb fob 10-owt., with Geab on the top floob. 

This machine is constructed in the form shown in Drawing No. 83, 
with the controlling gear placed over the cage or table in the upper 
floor. In this case the table is provided on the upper side with vertical 
side and transverse irons, and fitted with rubbing guides at the top 
and bottom on each side ; these are placed 6 feet 6 inches apart, and 
run between T irons 3^ inches by S^ inches ; as in the former type, 
these are prolonged in the upper floor, and are fixed to the top 
framing. A rope of hemp or leather 4 inches circumference is 
attached to the plate at the centre of the transverse bars, and is 
carried over a spocket wheel which is turned in the groove and grips 
the rope ; it will be understood that it does not bottom on the bottom 
of the pulley in this case. The wheel is made a diameter at the pitch 
line equal to the distance between the centre of the cage and centre 
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of the counter-balance ; in the case now being described it is 2 feet 
3 inches diameter. The rope passes direct from the wheel to the 
balance weight. This is made in the same form, and is gnided in 
the same manner as the former type described at p. 188. The top 
gear consists of a spindle or shaft 3 inches diameter, running in 
bearings carried by the top framing. A brake wheel 2 feet 6 inches 
diameter and strap, lined with hard wood, is also keyed on this shaft, 
brake leyer and working rope with counter-balance gears is also 
proyided. The weight is arranged on the lever to keep the brake 
always on ; it is released as required when the goods are to be lowered. 
When it is to be used for lowering casks of beer, the table at 
the centre of the floor has a hole cut out, a spring is provided at 
the basement against which the cask strikes, and is in this way 
driven off the table. The cage is overbalanced in the same manner 
as described at p. 188. India-rubber springs are provided under 
the weight, as well as under the table, to take off the shock if the 
goods are let down too suddenly. This type of lift, as well as the 
other, was introduced by the Author some years since, and has been 
largely used. This is the most rapid system for lowering goods 
that can be adopted. It will be noted that all parts of the machine 
are very strong and well braced .in all necessary parts; this is 
absolutely essential on account of the heavy shocks to which they 
are liable. 



' House Luth fob Food, mo. (Drawing No. 86). 

These apparatus are made as shown for large establishments, thd 
cage being of a size suitable to the work to be done ; the loads raised 
are not more than ^ cwt. to 1 cwt. each time, the latter weight 
applying to public places only. 

The Cage. —The lower frame is made of light angle iron, say 
2 inches by 2 inches ; the top frame is of angle iron ; the comer sus- 
pending irons l^inch angle iron. The top and bottom frames are 
diagonally braced by flat iron on three sides ; the floor is of oak, and 
the inside is lined with pine, provided with one or more shelves 
according to the requirements of the case. 

The guide hare are 2-inch T iron, which are fixed to the timber 
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enclosure. The counter-balance gnide bars are 1^ inch L iron, which 
are attached to the back wall in the manner shown. 

The ^iforking gear consists of an endless rope working oyer a large 
spocket wheel, say, 30 to 36 inches in diameter, fixed to a shaft 
3 inches diameter carrying a pinion which gears into a spnr wheel 
keyed on the lifting wheel shaft. On this is also keyed a brake 
wheel, fitted with lever and counter-weight. 

The manner of working and many of the details do not materially 
differ from the warehoose lifts for small loads. 

The loop-holes or openings of the lift shonld be enclosed with 
sliding shutters at each floor, and be proyided with a- ledge to land 
the food, &c., on ; this should be placed 3 feet above the floor line. 



House Lifts, Double, and fob Lianr Loads. 

Where the weight does not exceed 25 or 30 lbs., two boxes made of 
wood are used ; the rope is attached to the top of each box, and passes 
over a central grip spocket wheel ; another rope is attached to the 
bottom of each of the boxes, and passes over a lower grooved wheel. 
The guides in this case are usually wood, and form part of the 
enclosure of the lift hole. The Author, however, prefers to use 1^- 
to Ij^-inch angle irons for guide bars, as there is much less friction 
and no noise in working ; the extra cost is very small. 

Where the loads exceed that named, a spocket wheel is keyed on 
to the top shaft, and it is worked by mi endless rope passing through 
the floors. Li this case brake gear is provided, the working rope of 
which passes through the floors in the manner previously described. 

Light Lifts. — The best system for lifts of this kind for hotel use 
is to provide one for each floor to ensure that the various things 
ordered get delivered to the proper place, and so confusion is avoided ; 
this applies where special orders are given for various articles, and 
prevents any one on a lower floor taking them off, which often results 
in much confusion and loss of time. Above the lowest opening into 
the lift there is only one other situated at the floor where it is 
required to deliver the things. 
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HYDRAULIC WORKSHOP MACHINERY. 

HtDBAULIO DBILLINa. 

At page 105, aniCj reference was made to the application of hydraulic pressure to 
driving rotary machines. The first successftd application of this to drilling vras 
made by M. Marc Benier-Fontaine in connection with the celebrated installation 
of hydraulic machine tools on Mr. Tweddell's system, supplied to Toulon Dockyard 
under the advice of Mr. Henry Chapman, C.E., in 1874. It was this engineer, 
also, who had the courage to introduce into this yard, on a really large scale, the 
punching and shearing machines described on page 98, ante. The drawings of 
the hydraulic driUs are almost self-explanatory. 

No. 86 shows a Brotherhood three-cylinder engine attached to a suitable framing ; 
this can, of course, be modified to suit any special condition. The power of the 
engines, which are made in two sizes — one to indicate 1 HP. actual, the other i HP. 
— ^Ls transmitted through gearing to the drill spindle. In order to adjust this 
drilling-engine to its work, any ordinary adjusting form of standard is used, the 
hydraulic engine taking the place of the ordinary ratchet-brace ; of course the increase 
in the rate of drilling and the number of holes done, as compared with hand work, 
is very great. 

Extreme lightness is secured, first, by the small size of the cylinders of the 
engines themselves, which, when working at 1500 lbs., or even 750 lbs. per square 
inch, require them to be of very small diameter, and they are also made throu^out 
of steel and gun-metal. 

Drawing No. 87 shows another application similar to A, in which it is not possible 
to attach the engines so directly to the work. In this case the three-cylinder engine 
is placed on the floor of shop or deck of a vessel, and transmits its power by means of 
a *' Stowe " flexible shaft to the drill. In one boiler-shop where this arrangement is 
used the cost of drilling holes in boiler-ends was reduced from Is. 4d. to 4d. per 
dozen, and the work done very much faster also. 

Drawing No. 88 illustrates yet another arrangement in which the three-cylinder 
drilling engine is attached to a frame, for the purpose of cutting out large man- or 
deck-holes. The plan shows the two arms carrying the cutters ; the size of the holes 
cut can be varied from 15 inches to 30 inches diameter, or, if desired, oval holes can 
be cut out* The whole arrangement can be carried by two men ; and a small hole 
at A having been first drilled, the bottom bracket B is connected to the top one C by 
means of the bolt D. 
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The great advantage of this machine is that it enahles man-holes, &c., to be cut 
out after the vessel is plated and in the exact position required. 

A modification of the preceding designs was very successfully used during the 
coDStrnction of H.M.S. Victoria at Elswick. 

The time occupied in drilling in position the holes in the shell for the armour- 
plate bolts, was reduced from three hours by hand to twelve and a half minutes by 
the machine after it was fixed ; and in some other work of a similar kind, the time 
occupied was reduced from nine hours by hand to one hour by the machine. These 
drills were worked from an accumulator from ^ to i a mile distant, the jM^ssure 
being conveyed by means of flexible piping attached to the nearest mains. 
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Accamulator, 4, 16, 90 
Air valves, sdf-actiDg, 17 

vesscOs, 3, 62 

Apparatus for siinging goods, 122 
Application of patent differential blocks, 

173 

Ascending rooms of lifts, 31, 34, 35 



Balance-weights for lifts, 32, 178, 181, 

186, 189 
Barrel gear, 131-133 
Belt (slack) gear, 134 
Bending machine, 102 
Blast furnace lifts, 142 
Boat lift, hydrauUo, 42, 51 
Boilers, Cornish, 9, 15, 110 

multitubular, 15, 110 

Lancashire, 9, 15 

Babcock & Wilcox, 9, 15, 111 

Boxes for pressing cotton, 72, 73 
Brakes for lifts, 179, 188, 190 
Bramah's invention of hydraulic power 

cranes, &c«, 1 
Bridge gear for swinging, 39 
Brotherhood three-cylinder engine, 21, 68 
Bucket lift, 187 

C. 

Canal lifts, 42, 51 
Capacity of boilers. 111 
Capstan, hydraulic, 38 

steam, 135 

electric, 135 



Carriers, grain, &c., 152 
Cellar Hfts, 185 
Chain shears, 99 

cable shearing machine, 99 

of cranes, Ac, 55 

of hoists, 127 

Charcoal conveyers, 152 

Clark's patent hydraulic apparatus, 44 

Coal lifts, 25 

elevators, 27, 152 

Compound hydraulic pumping engines, 

11,14 
Cone gear, 132 
Corrugating press, 101 
Cost of lifting by hydraulic power, 26 

steam-power, 154 

hand-power, 154 

barges, 43 

of pumping water, 55 

of coal, 128 

Cotton presses (hydraulic), 72 
Counter-balances, 31, 60, 61,64, 67, 139, 

144, 178, 181, 186, 189 
Crab motions, 170 
Cranes, hydraulic, 18 

steam, 106 

portable. 111 



hand-power, 157 

foundry, 23, 150, 162 

workshop, 163 

Creepers for grain, &c., 152 

D. 

Data of working cranes, 26 
Davis's hydraulic pressing, 79 
Details, hydraulic apparatus, 54, 86 

O 
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Derrick cranes, 161 

legs as poles, 167 

Differential accumulator, 47, 90, 91 

hydraulic apparatus, 44, 90 

blocks, 173 

Direct-acting engines, 10, 11, 12, 14 

cranes, 20 

Dock gate hydraulic gear, 39 
Docking vessels, 49 
Double-legged derrick, 167 

power crane (patent), 24 

Dredgers, steam, 120 
Drug press, 85 



E. 

Easton & Anderson's hydraulic lift, 63 
Economical pressure for hydraulic power 

cranes, 5, 7 
EfiSciency of hydraulic cranes, 1 
Electric power capstans, 135 

wharf cranes, 136 

hoisting engines, 137 

lifts, 143 



Railway lifts, 34 

traveller, 148 

Elevators, 152 

Ellington's hydraulic winch, 21 
Enclosures of lifts, 182 
Endless chain lifts, 150, 187 

bands for grain, 151 

Engines for pumping, 10-14 

triple expanding, 14 

direct-acting, 10-14 

Excavating machines, 1 19 
Expnnsive triple engines, 14 



F. 



Fifteen-ton block-setting crane, 114 

Flanging machine, 103 

Flour conveyers, 152 

Food lifts, 189 

Force used for closing rivets in hydraulic 

machines, 92 
Forging press, 101 
Forty-ton steam traveller, 147 
Foundations of cranes, 109 



Foundations of engines, 14 
Foundry cranes, 23, 150, 162 
travellers, 150 



a 

Grallion's Wharf hydraulic cranes, 26 
Gear steering for crane, 109, 158 

frictional, 131 

belt, 134 

safety, 140 

barrel, 132 

self-acting, 132, 134 

self-stopping, 132, 134 

Goliath, 164 

crane, 117 

Grafton's cranes, 112 
Grain conveyers (endless), 152 
Great Grimsby hydraulic machinery, 3 
Grid, hydraulic, 49 

Guide bars for lifts, 29-31, 35, 181, 183, 
185, 189 



Hand-power cranes, 157 

lifting machinery, 177 

lifts, 177-190 

crab motions, 170 

motions for warehouse cranes, 169 

Hat press, 85 * 

Hay pressing, 78 

Head of water from tanks, 2 

Hoist, steam, 123 

for wagons, 29 

chain, 141 

hydraulic, 8, 29 

Hoists, warehouse, 123-128 
Hop elevator, 153 

press, 83 

House lifts, 189 
Houses over cranes, 109 
Hydraulic apparatus, details, 86 

Ufts, 8, 32 

balance lifts, 32 

cranes, 7, 18, 19-28, 96 

foundry cranes, 23 

canal lifts, 42, 51 

capstnn, 38 

crane, double power, 24 
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Hydraulic craney movable^ 20, 97 

post, 22 

qnay, 18 

wharf, 7 

grids, 49 

lift for railway trains, 52 

lifts (passenger), 31-35 

Mersey railway, 63 

machinery, high-pressure, 7 

low-pressure, 38 

pipes, 10, 17 

Power Company, 5, 28 

presses, 70 

pressing machinery, 70 

portable, 93 

pumps, 71-72, 75 

pumping engines, 9-14 

sack hoist, 25 

three-cylinder engines, 21, 68 

wagon hoist, 29 

winch, 21 

workshop plant, 89 

power for cranes, 28 



J. 

Jacks, hydraulic, 176-176 

screw, 175 

traversers, 176 

bottle, 175 

tripod, 175 

rack (Haley's), 174 

"Jacob" elevators, 152 

Jibs of cranes, 126 

Johnson & Ellingtpn's oianes, 21, 24 



Inclined lifts, 185 
Indian cotton pressing, 73 
Installation of machinery, 9 
Instructions for purchasing crab motions, 

171 
Iron ore lift, 142 

doors to lift holes, 182 

jibs of cranes, 18 

goliaths, 165 



Leather ropes, 136, 140 
Leathers for hydraulic lifts, 87 
Lift with gear below, 183-185 

luggage, 66, 139, 177-186 

Lifts, bucket, 187 ; 

coal, 25 

steam, 139 

endless chain, 141 

for iron ore, 142 

hand, 171-189 

hydraulic, 8, 29 

inclined, 185 

passenger, 31-36, 139, 141, 180 

rack, 186 

screw, 185 

warehouse, 177 

Light truck hoist, 30 

Linen press, 74 

London Hydraulic Power Company, 

5,28 
Low-pressure hydraulic machinery, 58 
Lowering machines, 188 



M. 



Machinery, hydraulic cranes, 18 

sttam cranes, 106 

cotton pressing, 72 

hay pressing, 78 

hand cranes, 157 

for lowering goods, 188 

Machines, dredging, 120 

excavating, 118-119 

bending, 102 

rivetiDg, 97 

shearing, 98-100 

flanging, 103 

punching, 100 

Mammoth cranes, 116 

Manchester goods press, 74 

Mersey railway lifts, 63 

Metal for hydraulic cylinders, 86 

Methods of obtaining water pressure, 2 

Movable cranes, steam. 111 

hydraulic cranes, 20 

Multiple hydraulic punch, 100 
Multitubular boilers, 15 
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Navvy (steam), 118 

Number of bales of cotton packed per 
hour, 74 

of bales of wool lifted, 128 

— -^ of rivets put in per day, 94 

O. 

Oil presses, 80 

One hundred and sixty ton crane, 20 

Ore (iron) lifts, 142 

P. 

Parcels lifts, 67 

Passenger lifts, hydraulic, 30-36, 139, 
141, 180 

hand-power, 180 

Patent winches, 21 

cranes, 25 

plan hay pressing, 79 

Pipes, hydraulic, 10, 17 
Platform cranes, 22 
Portable riveter, 93 

riveting plant, 97 

cranes, 111 

steam cranes, 111-112 

hoists, 129 

hand crane, 160, 163 

Post cranes, 22 

Power required for shafting, 91 

of cranes, 19 

Presses, hydraulic, 70 
Priestman's buckets, 121 
Process for cotton pressing, 72 

for hay pressing, 78-79 

for linen pressing, 74 

for hat pressing, 85 

Public street mains, pressure in, 5 
Pumping engines, hydraulic, 9, 10-14 
Pumps (hydraulic presses), 71, 73, 75 
Punching machine, 98 

Q. 

Quality of hydraulic leathers, 87 
Quantity of goods unloaded by cranes, 20 

of work done by cranes, 114, 116, 

119, 128 
of coal used by cranes, 128, 154 



Quantity of clay ezcayated per hour, 121 

of gravel ex«»vated per honr, 11^ * 

dredged, 120, 121 



Rack lifts, 186 

jacks, 174 

Bail shears, 100 
Railway lifts, 22 

platform gear, 40 

Ram lifts, 30 

Ratio of stroke in hydraulic crane 

cylinders, 7 
Renuirks on hydraulic power, 56 
Riveting machines, 92 
Rope and bucket lifts, 187 
Ropes, hemp, lifting, 140, 182 
leather, lifting, 135 



Sack hoists, 25 

Screw lift, 185 

Screws for grain, &c., 152 

Seven-ton wharf crane, 157 

Shear legs, 166 

Single rail traveller, 172 

Sir W. G. Armstrong & Co.*s lifts, 34 

Skips for coals, &c., 55 

Slinging apparatus, 122 

Speed of cranes, 56 

of hoists, 132, 133 

Spring buffers, 127 
Stamping press, 101 
Steam cranes, 106 

details, 122 

navvy, 118 

excavators, 119 

dredgers, 119-120 

harbour cranes, 115-116 

foundry cranei*, 150 

lifts, 139 

capstans, 135 

safety gear, 140 

travellers, 145-147 

wharf cranes, 107 

Stearine presses, 81 

Stothert & I'itt's cranes, 114-117 

Sugar scum presses, 82 

Swinging gear cranes, 127 

hoists, 127 
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T. 

Tanks for water, 16 
Ten-ton travelling crane, 112 
TliorntoD*8 sack hoists, 25 
Three-ton travelling crane, 111 
Throwing out gear, 134 
Titan cranes, 115 
Travellers, steam, 145 

hydraulic, 27 

hand-power, 171 

Travelling hydraulic crane, 97 
Triple compound pumping engines, 14 
Truck hoists, 30 
Turn-tables, hydraulic power, 40 
Twenty-ton hand-power crane, 159 
Twenty-five- ton steam traveller, 146 
Two-ton wall crane, 164 
hand crane, 164 

U. 

Useful application of differential blocks, 
173 

of small travellers, 172 

of cranes in foundries, 23, 150 



pressure in hydraulic cranes, 5 

— — effect of hydraulic cranes, 1 

V. 

Valves, hydraulic press, 73 
safety and relief, 87 



Various systems of working hydraulic 

lifts, 2, 3 
hoists, 21, 29, 48, 123, 

126, 129, 131, 136, 137, 139, 141, 142, 

143, 177, 190 
steam hoists and cranes, 



124, 128 
Vertical triple compound pumping 

engines, 14 ' 
Vessels, air, 3 



W. 

Wagon hoists, 29 

Warehouse cranes, 22, 123, 130, 169 

lifts (hand-power), 177, 183 

Water tube boilers, 9, 15 

tanks, 16 

Weights, counter-balance, 31, 178, 181, 

186, 189 
Wharf cranes, 7, 107, 114, 157, 159, 160 
Winches, Ellington's, 21 
Wire ropes, 67 
Wool, cranes for, 125 
Working pressures, hydraulic power, 6 

cylinders, hydraulic crane, 18, 23 

Workshop tools, 89 

travellers, 145, 150, 171, 172, 176 

Worthingtonhigh duty pumping engines, 

12 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. llRAWlXC .\"?l. 

HYDRAULIC PASSENGER LIFT. 
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HYDRAULIC LI FTING AND PRESSING MACHINERY, hUAUIXH .V 



HYDRAULIC COAL DISCHARGING APPARATUS. 



HYDRAULIC LIFTING AND PRESSING MACHINERY 



DkAW'IXa S\'?4'. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



CLARK & STANDFIELD'S 
PATENT HYDRAULIC DIFFERENTIAL ACCUMULATOR. 



HYDRAULIC LIFTING AND PRESSING MACHINERY. 
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DRAWING N9 31. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRA WING S NP? 32 & 33. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. DRAii'lXGS !if9?34& 35. 
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HYDRAULIC LIFTI 



DRAWING N937. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRAWrS^O N^SS. 



MESS?? CLARK & STANDFIELOS PATENT HYDRAULIC LIFTS FOR 
TRANSFERRING TRAINS TO DIFFERENT LEVELS. 
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HYDRAULIC LIFTINO AND PRESSING MACHINERY. lJKAU/\OSX^?3Si4-0. 

HYDRAULIC RAM LIFTS 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. DliAH'IXC .V' 

HYDRAULIC LIFT WORK£D BY SHORT STROKE CYLINDER. 



HYDRAUUC LIFTING AND PRESSING MACHINERY, imAWlA'C, X:'42. 

- €uiNGT0A/'3 l/IPROreO HroftAUUC Parccl Lirr. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRAWIXG N9 43 
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HYDRAULIC LI FTING AND PRESSING MACHINERY. DRAWING N°44. 



Differential accumulator. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRAWING N9 45. 



STATIONARY HYDRAULIC RlVETTING MACHINE. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRAWING N94e. 
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Stationary Hydraulic Triple Power Rivetter 

TWEOOELLt. PATCNT SYSTEM 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRAWING N947- 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRAWING N°-f8- 
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F. COLVEJi.M/.C.E. 



HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRAMnNCr N'^49. 
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Furnace mouth and locomotive Foumoatiom Ring Rivetter 



Tweddell's Patent System, 
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F. COLYER,MIC.E, 



HYDRAULIC LIFTING AND PRESSING MAGH1NERY. 
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PORTABLE HYDRAULIC RIVETTING MACHINE 
FOR DEEP GIRDERS. TANKS, ETC. 





Portable Hydraulic Rivetter, Lift i. Crane. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRAWING N952. 



TRAVELLING HYDRAULIC CRANE & LIFT 
FOR LOCOMOTIVE & TENDER BUILDING SHOPS 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRAWING i\9S3. 



TRAVELLING PORTABLE RIVETTING PLANT. 
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HYDRAUUC LIFTING AND PRESSING MACHINERY. nRAWINr,SN9S55&Se. 

HYDRAULIC CHAIN CABLE SHEARS. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DftAH'J.VO .y"S9. 



TRIPLE POWER HYDRAULIC FORCING PRESS 
I500 TONS POWER 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DR.Wi'fXG N'.'eO. 



Hydraulic 

angle bending and 

straightening machine 
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F.COLY^R.MICE. 



HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRAWING N961 



HYDRAULIC FLANGING MACHINE. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. DRAWING N9e3. 



STEAM WHARF CRANE. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRAWING N?64. 






PORTABLE STEAM WHARF CRANE. 
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HYDRAULIC LIF 



DRAWING N965, 
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HYDRAULIC LIFTING AHD PRESSING MACHINERY. DRAW^lNf! .VVfftf. 



STEAM HOIST FOR 30 OR 40 CWT 



P.COLyER..V.I.rE. 
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HYDRAULIC UFTINC 





DRAWING .V?7/. 
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HYDRAULIC LIFTING A 



DRAWING N9'7Z. 



HYDRAULIC L 



DRAWING N9 74 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. DRAWIXG N"77. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. DRAWING N'^78. 

HAND POWER WAREHOUSE OR PASSENGER LIFT 
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HYDRAULIC LI F' 



DRAWING N" 79. 
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HYDRAULIC LI F DRAWING N'SO. 



J 



HYDRAULIC LIFTING AND PRESSING MACHINERY. DRAWING N?8i. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRAWING N''82. 



Hand Power Screw Lift 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. 



DRA WIXG X"86. 



HYDRAULIC DRILLING MACHINERY. 
BERRIER FONTAINE'S SYSTEM. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY. DHAWING N987. 
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HYDRAULIC LIFTING AND PRESSING MACHINERY, DRAM'IXr, \"f{8. 

HYDRAULIC BORING MACHINERY. 

BERRIER FONTAINE'S SYSTEM. 
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HYDRAULIC, &c.. MACHINERY 



Supplied hy Ae foUowmg Firms : 



BROTHEEHOOD, PETBE . 
EASTON AND ANDEBSON, Limited 



HYDBAULIC ENQINEEBING CO. 



PHOSPHOB BBONZE CO., Limited 



WOETHINGTON PUMPING ENGINE CO. 
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WORTHINGTON 

PUMPING ENGINE CO., 

153, Queen Victoria Street, London, E.G. 



A  G AMD M CODE USED. 

TRADE MARK. 



WORTHINGTON PUMPS 

ARE THE RECOGNISED STANDARD OF PUMPING MACHINERY. 



WORTHINGTON PRESSURE PUMP. 

This pattern of pnmp ii especiaily deeigned for drivuig Hf dnulio Lifts and Cranea, Ootton 
and Hjdranlio Preases, for Oil Pipe Lines, Mining porpoeea, and sucli setrice as requires the 
deliTerr of liquids under heaTy presaures. 

In the Wortbio^on Fresaura Pump the ordinuj interior donble-aoting plunger is replaced 
b; two plun^rs, or rams having external adjustable piickingB, readilj renew^ which work 
into eacui end of a ajlinder baling a central partition. The plnngers are couuooted together 
by yokes and exterior rods in suob a mannei as to cause them lo more together as one plDusn, 
so that while the one is drawing, the other is forcing tbe fluid, thus making the pomp do^le- 
Bcting. Tbe valre boxes are also modified for the purpose of anbdividing tliem into separata 
small chambers, easily accessible and capable of reeisting very heavy pressures. The geQeral 
arrangement shown iu tbe engraving is snbject to uomerona alterations, to adapt tbe pump to 
different requirements. The general characteristio of independent plungers wiUi exterior pack< 
ing ia, however, iu all oases preserved, as being not only more accessible in caw of leakage, but 
alto as allowing tbe use of different forms and material of packing. Tbe severe pressure to 
which these pumps are often applied, not leas in some cases than 8,000 lbs. to tbe square ioob, 
demands the most thorough conitmction and the use of tbe very best material. 



WORTHINGTON P UMPS FOR ALL SERVICES AND PRESSURES. 

CATAIiOOUES Aim EBTDCATBB GIT APPLICATION. 



Advertisements. ill 



EASTON & ANDERSON, Ltd., 

3, WHITEHALL PLACE, LONDON, S.W. 

And Erith Ironworks, Kent, 

HYDRAULIC ENGINEERS. 



HYDRAULIC LIFTS. Direct Acting Passen- 

ger Lifts, High or Low Pressure, with 
^ead Weight or Hydraulic Balance. 

Suspended Passenger Lifts of the Jigger or 
Piston Type, with Special Safety Gear. 

Goods' Lifts, Direct or Indirect Acting, ar- 
ranged where necessary for Multiple 
Power. 

HYDRAULIC CRANES of all sizes, suitable 

for Warehouse or Wharf purposes. 

Travelling Cranes for Workshops, of all 
powers- 

HYDRAULIC PRESSES of varying powers 

and all sizes, such as Lead Presses, 
Cotton Bale Presses, Hay Presses, &.c. 

HYDRAULIC ENGINES worked by any 

Pressure of Water for Capstans, Dock 
Gates, Caisson Hauling, Pumping, &c. 

ENGINES^ Vertical and Horizontal, of all sizes. 

BOILERS. Cornish, Lancashire, and Tubular 

Boilers for pressures of 100 lbs. and 
upwards; also 

BLBCTBIC LIFTS AND CBANJES. 



Some Examples of the above are described on pp. 18, 63, 70, 
and Illustrated by Plates 5, 21. 

EASTON & ANDERSON, Ltd. 

TELEGRAPHIC ADDRESS. " EGYPTIAN, LONDON." TELEPHONE NO. 3606. 



iv Adverii9emefU8, 



In BoysJ 82mO| Frenoh MoroooOi Gilt EdgeSi oontaining 750 pages 

and nearly 500 Engravings. Price ^/^ 



A NEW EDITION 



OF 



Molesworth's Pocket-Book 

OF ENGINEERING FORMULiE, FOR CIVIL 
AND MECHANICAL ENGINEERS. 



BBIHG THE 



23rd Edition, revised and caneiderdMy enlarged by the Author^ 

SIR GUILFORD L MOLESWORTH, 

K»iaHT OOXMAMDEB OT THB OBDKB OF THB OfDIAM BMFIBB ; FELLOW OF THB UMITXBSITT OF 
OALOVTTA ; MSXB. OF TBI INBT. OF O.B. ; MOIB. OF TBI IN8T. OF MBOB. SNODmOB ; 

AND 

ROBERT BRIDGES MOLESWORTH, 

M.A. CANTAB., AB80. IIEMB. IKBT. C.S. 



In additioB to the YoluminouB information given in previoiiB editions, the 
present one will oontain much new matter on recent Engineering and 
Industrial developments, and those subjects which have already been treated 
of considerably augmented and brought up to date. 



E. & F. N. SPON, 125, STRAND, LONDON. 



Advertuententt. 



PETER BROTHERHOOD, 

MECHANICAL ENGINEER, 

Belvedere Road, Westminster Bridge, LONDON, S.E. 

IMPROVED PATENT SIMPLE OR COMPOUND 
"3-CYLINDER" ENGINES, 



For Driving Fans for Forced Draught and Ventilation, as supplied to the 
following ships: 

H.M.S. Anson, Archer, Australia, Blenheim, Conqueror, Collinffwood, Chanmion, 
Edinburgh, Empress of India, Galatea, Grafton, Howe, Hood, Iron iJuke, 
Latona, Magicicnne, Marathon, Medea, Medusa, Melpomene, Melampus, 
Mersey, Mohawk, Naiad, Phrenix, Psyche, Repulse, Rodney, Royal Sovereign, 
Sanspareil, Sappho, Scout, Scylla, Severn, Sparrow, Superb, Tartar. Terpsichore, 
Thetis, Thunderer, Thrush, Trafalgar, Tribune, Victoria, Vulcan, Warspite. 

Albuquerque, Aquidaban, Clacton Belle, Confienia, Duchess of Hamilton, Fieramosca, 
Helgoland, Hekla, Iver Hvitfeld, La Flandre, Loma Doone, Piemonte, Polar 
Star, Prince Albert, Princesse Henriette, Princessc Josephine, Princess Victoria, 
Riachuelo, 2; de Mayo, Tordenskold, Vasco da Gama, Ville de Douvres, 



Woolwich Bdle, &c., &c. 



25 I 

Idle, 



NINE HUNDRED FAN ENGINES SUPPLIED AND FITTED. 



AIB 0OMFRESSOS3 FOB TOSFBDO SEBVIOE, &0., &o. 



Ti Adverii$emenis, 



The HydPaolie EDgioeeriDg Compatiy, Idmited. 

Hetid Office and Wwka:— CHESTER. 

LOHDOH— Palact Clumbers, 9, Bridge BRUSSELS— 91, Bonlenrd do Mori 
Street, Westminster. EDIRBURGH— k St Andrei S^ure. 
PARIS— 10, Rne Laffltte^ LmOOL-19, OldliaU Street 

Contractors to the English and Foreign Governtnents and the 
Principal Railways and Dock Companies, 

PYDi^TiamG p^E^^a^E pajiPiNfi ensine^ k Ticcnjiiaiijivei^^. 

LiFTO AND Elsvjltobs (Elldtqtok's Pjltents), for Hotels, Offioee, and 

Pnblio Buildings. 

Fixed and Moyeablv Htdraulic G&akes, of every type, for Docks, Railways, 

Bepdts, Wharves, Warehouses, and Gas Works. 

Brotherhood's 8-Gylikder Hydrauuc Capstans, as used by the London and 

North Western and other leading Companies. 

Bbothbrhood's S-Otlindbr Htdraulic Enqimbs, for general driving purposes. 

Sols Licensees for Qreat Britain and Ireland for the Pklton Hiqh 

Pressure Motors. 



Hydrauuc Machine Tools, for Punohing, Shearing, Bending, Straightening, 

Forging, and Hivetting. 

Lifts and Cranes, for Foundries, Workshops, &c. 

Marc Berrier Fontaine's Patent Hydrauuc Drilling Apparatus, specially 
applicable to Drilling Ship, Bridge, Girder and Boiler Work in position ; 
also special machinery for cutting out Manholes, &c. 

Wagon Hoists, Coal Tips, Coaling Cranes. 

Hydrauuc Apparatus, for working deep well pumps. 

Hydraulic Machinery for working Dock Gates, Caissons, Bridges, Penstocks, &c. 

Capstans for Hauling Ships. 



Complete Installations for the public supply of Hydraulic Power as made for 
all the Companies, etc., at present established for this purpose in the United 

Kingdom, viz. : 

The London Hydrauuc Power Company. 
„ Liverpool Hydraulic Power Company. 
„ Hull Hydrauuc Power. Company. 
„ General Hydrauuc Power Company, Limtted. 
„ Birmingham Corporation. 
„. Manchester Corporation. 



Adtrertitem&tU. 



THE PHOSPHOR BRONZE CO., 

LIMITED, 

87, Snirmer Street, Sontbwark, London, 8,E, 



Bole Makoi of tho Origiiial "COQ WHEEL" and 

"VULCAN" Bisiubot 

"PHOSPHOR BRONZE," 

The best and most durable AUojs for Beuings, Bushes, and parts of 
Haohinery exposed to Action and wear. 



"DURO METAL" 

(REQI8TERE0 TRADE MARK.) 

Alloy A, for Railway Carriage, Wagon, and Track BearingB. 

Alloy B, specially adapted for Bearinga for Hot Neok Rolls of Ironworks, 

Tin-plate Mills, &o. 

WEILLER'S 
PATENT SILICIUM BRONZE ELECTRICAL WIRE. 

High Condaotivity, great Tensile Strength, and Besistance to 
Corrosion. 

BEWARE OF IMITATIONS AND INFRINGEMENT OF PATENT RIGHTS. 



Rolled and Drawn Phosphor Bronze and 
German Silver. 



Finest Babbitt Metal, "Vulcan" Brand, Four Qualities. 

Best Plastic Metal, "Cog Wheel" Brand. 

"Phosphor" White Brass, Alloys I. and II. 

PHOSPHOR TIN AND PHOSPHOR COPPER. 
"COG WHEEL" BRAND. 



J.dMrtMeM«Mlf. 



Ingrots, BllletB, 
Castings, Sheets, 



Bods, Forgings, 
Stampings. 



THE PHOSPHOR BRONZE CO., 

LIMITED, 

87, Sumner Street, Southwark, London, S,E. 

SOLE MANUFICTURERS III THE UHITED MHSDOM OF 

BULL'S Metals. 



Bull's Hstal is s malleable alloy, possesBing good caeting qualities. It 
can be rolled, forged, stamped, or otherwise wrought at a red heat, and then 
acquires an elastic limit and tensile streDgth considerably higher than mild 
Steel. Castings in the alloy poesess a tensile strength and elastic limit almost 
twioe as high as Gun Metal, with the same or greater resistance to oorroaion ; 
also great resistance to wear. 

The perfect uniformity of the alloy, combined with the leading qualities 
mentioned above, render it particularly suitable for purposes where great 
strength and resistanoe to wear and corrosion are required, i.e. for Propellers, 
oast or forged parts of Pumps and Valves, Fnmp Eods, Pump Spindles, Talve 
Spindles, Condenser Plates, Yslvo DUcs. Stem Shafts, Hull Plates. Angle Bars , 
Marine and Hydraulic Work generally. Bolts and Nuts, parts of Ordnance 
and Ammunition, &c., &c. 

Tests to asoertain the tensile and crushing strength of this metal have been 
B times, and gave the following results : — 



LoiiT or 

Eu»neiTi, 

ToBip«iq.tDdi. 


Matimdk SniH. p«nnUg>gt 
Touperiq. Ineb. CwnpnMkm. 

inivw 0° 2-145" 
100-32 ^^.^<.y 

78-« vr 




23-47 
lS-50 


Cold Boiled Spedmen. 
Cut Bpwinwn. 




88-9 10-15 
3543 2H» 


,»,^0H r^. 


30-00 
28-60 


Cold BoUed SpeoiiiMi. 
Ditto. 



